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I. Description	
  
	
  
The	
  LAPD	
  tank	
  is	
  an	
  industrial	
  low	
  pressure	
  storage	
  tank.	
  	
  The	
  tank	
  is	
  flat	
  bottom	
  with	
  a	
  dished	
  
top.	
  	
  The	
  tank	
  will	
  contain	
  liquid	
  argon.	
  	
  	
  	
  	
  
	
  
There	
  is	
  no	
  directly	
  applicable	
  code	
  covering	
  the	
  LAPD	
  tank.	
  	
  API	
  620	
  (2002),	
  appendix	
  Q	
  was	
  
used	
  as	
  the	
  design	
  and	
  fabrication	
  basis	
  for	
  the	
  LAPD	
  tank.	
  The	
  closest	
  code	
  was	
  API	
  620	
  (2002),	
  
Appendix	
  Q,	
  “Low-­‐Pressure	
  Storage	
  Tanks	
  for	
  Liquefied	
  Hydrocarbon	
  Gases”.	
  	
  API	
  620,	
  10th	
  
edition,	
  appendix	
  Q	
  	
  was	
  used	
  as	
  the	
  design	
  and	
  fabrication	
  basis	
  for	
  the	
  LAPD	
  tank.	
  
	
  
Highlights	
  of	
  API	
  620	
  (2002),	
  Appendix	
  Q:	
  

• Covers	
  low-­‐pressure	
  flat-­‐bottomed	
  carbon	
  steel	
  storage	
  tanks	
  
• Vapor	
  space	
  design	
  pressure	
  of	
  up	
  to	
  15	
  psig	
  
• Low	
  pressure	
  storage	
  tanks	
  for	
  liquidized	
  hydrocarbons	
  down	
  to	
  -­‐270	
  oF	
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II. FESHM	
  5031.5	
  compliance	
   	
   	
   	
   	
   	
   	
   	
  
	
  
The	
  ‘Responsibilities’	
  section	
  of	
  5031.5	
  lists	
  the	
  requirements	
  for	
  low	
  pressure	
  tanks.	
  	
  
Compliance	
  to	
  the	
  ‘responsibilities”	
  is	
  detailed	
  in	
  the	
  following	
  table,	
  by	
  FESHM	
  5031.5	
  
paragraph.	
  	
  
	
  
	
  
Compliance	
  to	
  FESHM	
  5031.5	
  ‘Responsibilities’:	
  
Paragraph	
   Compliance	
  
1.	
   Done.	
  	
  The	
  MAWP	
  is	
  established	
  by	
  Midwest	
  Imperial	
  Design	
  calculations	
  per	
  API	
  

620.	
  
2.	
   Done.	
  	
  A	
  relief	
  valve	
  is	
  installed.	
  	
  	
  
2.1	
   Done.	
  	
  Relief	
  valve	
  sizing	
  calculations	
  are	
  documented	
  
2.2	
   No	
  action	
  needed	
  
2.3	
   No	
  action	
  needed	
  
2.4	
   Capacity	
  certified	
  by	
  relief	
  valve	
  manufacturer	
  and	
  	
  set	
  points	
  tested	
  at	
  Fermilab.	
  
2.5	
   Done.	
  	
  In	
  vessel	
  engineering	
  note	
  
2.6	
   Done.	
  	
  In	
  vessel	
  engineering	
  note	
  
3.	
   FESHM	
  5033	
  not	
  applicable	
  since	
  PxV	
  is	
  less	
  than	
  515	
  
3.1	
   Not	
  applicable	
  
3.2	
   Done.	
  	
  Vacuum	
  relief	
  installed	
  
4.	
   Set	
  point	
  tested	
  and	
  tested	
  as	
  installed.	
  
5.	
   Will	
  not	
  be	
  operated	
  until	
  the	
  relief	
  valve	
  is	
  installed	
  and	
  documentation	
  

requirements	
  are	
  satisfied	
  
6.	
   Testing	
  is	
  documented	
  in	
  the	
  vessel	
  note	
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LOW PRESSURE VESSEL SUMMARY 
FOR CHAPTER 5031.5 

 
Prepared by: Terry Tope, Richard Schmitt, 

Mark Adamowski 
Date: 08/23/11 

  
 

THIS VESSEL CONFORMS TO FERMLAB ES&H MANUAL  
CHAPTER 5031.5 

Vessel Title LAPD TANK 
Vessel Number  

Maximum Allowable Working Pressure (MAWP) 
Internal Pressure 3.0 psi at -320 F / 100 F 
External Pressure 0.2 psi at -320 F / 100 F 
Working Temperature Range -320 oF +100 oF 
Contents Argon liquid / gas 
Designer / Manufacturer Midwest Imperial Steel Fabricators, LLC 
 
Vessel Drawing # Location of Original 

Y08-125 sht 1 (by Midwest Imp. Steel) DOCDB LARTPC-DOC-408 
Y08-125 sht 2 (by Midwest Imp. Steel) DOCDB LARTPC-DOC-408 

ME466366 (insul. and tank support) DOCDB LARTPC-DOC-514 
Operating Procedure:   
Is an operating procedure necessary for the safe operation of this vessel?       Yes 

Tank filling procedure is referenced in the appendix.      

Additional Information: 
This tank is designed to the best available standard.  The closest standard is API 620.  This 
tank does not fall within the scope of API 620.  However the applicable sections of API 620 
were applied in the tank’s design. 
 
 
 
List of Reliefs and Relief Settings: 

Manufacturer Model # Set Pressure Flow Rate Size 

Anderson 
Greenwood 

9390C06SSTC 
Pilot relief valve 

3 psig internal / 
0.18 psig 
external 

5,271 SCFM air 
@ 10% OP 

1,018 SCFM air 
@ 0.2 psig 
external 

6x8 inch 
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IV.	
  	
  Design	
  Calculations	
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IV.	
  A.	
  	
  VENDOR	
  INITIAL	
  CALCULATIONS	
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.rJ

MIDWEST IMPERIAL STEEL FABRICATORS, LLG
400 S. LaGRANGE ROAD, FRANKFORT, ILLINOIS 60423

CUSTOMER
FERMI LAB

KIRK ROAD & WILSON STREET
BATAVIA, IL 60510

CUSTOMER PURCHASE ORDER
583306

DESIGN CALCULATIONS FOR

LIQUID ARGON TANK
TAG # M8444715

120"OD x120" SEAM / SEAM
WITH D]SHED ROOF AND FLAT BOTTOM

Vessel designed with Etank 2000

M I FAB JOB No. Y08-125

DESIGN CODE APl620 1Oth Edition,Feb2002
DESIGN PRESSURE 3 psi internal/ 0.2 psiexternal

DESIGN TEMPERATURE -320 TO 1OO DEGREES F

SERIAL NUMBER Y08.125
YEAR BUILT 2OO9

RADIOGRAPHY None
POSTWELDHEATTREATMENT None

CONSTRUCTIONTYPE Welded

APPROVED:

SIGNATURES
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f
ETANK SETTÏNGS SUMMARY

To Change These ETank Settings, Go To Tools->Options, Behavior Tab.

No 650 Appendix F Calcs when Tank P : 0
Repad 650 Deslgn Basis

-> Defaul-t for Tank Roof Nozzles :

-> Thls Tank :

show MAIVP / ¡,lawv calcs
Enforce API Minimum thicknesses
Enforce API Maximum Roof thickness
Enforce Minimum Self Supp. Cone Pitch (2 in 1,2)
Force Non-Annul-ar Btm. to Mee't API-650 3.5.1-
Set t.actual- to t.required Val-ues
Maximum 650 App. S or App. M Multiplier is 1
Enforce API Maxi-mum Nozzl-e Sizes
Use .Tawad Externa] Pressure in V{ind Girder Calcs
Max. Self Supported Roof thickness
Max. Tank Corr. Allowance
Shel-l- externaf pressure,/wind t-min includes C.A.

MIFAB-YO8-125
TANK REPORT: Printed - 1L/1,9/2008 11:47:27 AM

Default : False

Use
USe

API
API

Default
Default

True
True
True
True
False
: False
True
True
True
0.5 in.
0.5 in.
Fal-se

L/ 4 in.
I/ 4 in.

Page 1 of 42
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SUMMARY OF DES]GN

Job
Date of Cafcs.
Mfg. or fnsp. Date
Designer
Proj ect
Tag Number
Pl-ant
Plant
Site
Design

DATA and REMARKS

MrFAB-Y08-125
TANK REPORT: Printed - L1,/I9/2008 11:41,:2'7 AM

Location

Basis

- TANK NAMEPLATE ]NFORMATION

Y08 -12 5
71, / 1,9 / 2008 , 11 : 41 AM
1.1./7'7 /2008
SCVÍ.
FERMI LAB P.O, 583306
ME-444'71-5
FERM] LAB
FERMI LAB
FERMI LAB
API-620 1Oth Edition, îeb 2002

Operating Ratioz 0.4
Design Standard:
API-620 1Oth Edition, Feb 2002
(None )

Roof : A-240 Type 304: 0.1875in.
Shel-I (1 TO 3): A-240 Type 304: 0.1875i-n., 0.1875in.
Bottom z A-240 Type 304: 0.25in.

Design Internal Pressure : 3 PSI or 83.14 IN. H2O
Design External Pressure: -0.2 PSI or -5.54 IN. H2O

MAWP : 15.0000 PSI or 415.70 IN.
MAWV : -0.4162 PSI or -11.53 IN.

Deslgn Temperature : 100 Deg.E
Seismic Zone : 7

Site Amplification Factor : 1.5
Ground Snow Load : 20 lbf /f.L^2
Added Roof Dead Load : 0 lbf/fL^2
S.G. of Contents : 1.39

OD of Tank : l-0 ft
Max. Liq. Level : 10 ft

DESIGN NOTES

Page 2 of 42

NOTE 1- : Per API-650 8.1 .6 - Hydro test pressure : I.25 * P

3.75 PSI or l-03.93 IN. H2O

H20
H20

Importance Factor : 1
Basic Wind Velocity : 0 mph

Roof Live Load : 20 lbf/f|u^z

Tank Joint Efficiency : 0.7

Shel-l- Height : 10 ft

version 9.2.11 - page 10



SUMMARY OF RESULTS

Shell Mat.erial Summary (Bottom is 1)

Shell Vüidth Material
# (fr)

Sca: 8340 (Per 5.5.4.3)
: 8,340 PSI (Allowabl-e Compressive

5 A-240 Type 304
Sca: 8340 (Per 5.5.4.3)
: 8,340 PST (All-owabl-e Compressive

5 A-240 Type 304

MIFAB-YO8-125
TANK REPORT: Printed - 11'/19/2008 11:41227 ANj

Total- Ífeight

Shell API 620 Summary (BoLtom is 1)

Shel-1
#

2

1

t. int620 t. ext620
(in. ) (in. )

Self Supported Umbrella Roof;

t.required:0.062 in.
t.actuaf:0.1875 in.
Roof Joint Efficlency : 0.7

Weight : 656 l-bf

0.0229 0.0313
0.0344 0.033

Sts Sca Vfeight
lpsi) (psi) (Ibf)

Stress )

22,500

Stress )

22 | 500

t. requlred t. actuaf
(in. ) (in. )

Bottom Type: Fl-at Bottom: Non-Annular
Material- : A-240 Type 304
t.requlred : 0.25 in.
t.actual- : 0.25 in.
Bottom Joint Efficiency : 0.1

Vüeight : 869 lbf

ANCHOR BOLTS: (8) 1in. UNC Bolts, A-193 Gr B7

8,340 1-t260

8,340 L,260

0.1875
0.1875

Page 3 of 42

Materia] : A-240 Type 304

0.1875
0.1875

2,520
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(Roof Desi-gn Per API 620>

UMBRELLA ROOF: A-240 Type 304

E : Roof ,Joint Ef ficiency : 0.7
Lr : Entered Roof Live Load : 20 Ibf/ft2
Lr 1 : Computed Roof Live Load, including External Pressure

Lr1:Lr*:20+
Dead Load =

MIFAB-YO8-125
TANK REPORT: Printed - L7/I9/2008 11241227 AM

Dish Radius (Rs) : 10 ft

Alpha:60.0000 degrees (angle between the Normal- to the roof and
a horizontal line at the
roof-to-she11 juncture)

Theta:30.0000 degrees (angle between the Normal to the roof and
a vertical line at the
roof-to-sheJ-1 juncture)

Rs:R1:R2:120in.

Rc : R3 : oD/2 : 60 in.

<Vrleight, Surface Area, and Projected Areas of Roof>

Externa] Pressure
0.2*144 : 48.8 Ibf/fL^2
Snow Load + Insul-ation * Weight
20 + (8) (0/1.2) + 8.03
28.0325 Lbf/rL^z

hR : Height of Roof
: R - SQRT[R^2 - (OD/2)^2]
: 10 - SQRT[10^2 - (10/2)^21
: L.JJ-L IL

t 1ns : Thickness of Roof fnsul-ation
:0ft

Ap Vert : Vertical Projected Area of Roof
: PI*([R+ t ins]^2)(Alpha/360) - oD*([R + t ins] -hlP.)/Z
: pr* (r0^2) (s9.9499/360) - 10* (10 - I.331,) /2
: 8.9112 fL^2

Horizontal Projected Area of Roof (Per API-650 3.2.1.1)

Xw:

Ap:

Page 4 of 42

Moment Arm of UPLIFT wind force on roof
0.5*oD
0.5*10
5ft
Projected Area of roof for wind moment
PI *R^ 2
Pr* 5n2
18.54 f|.^2

Roof Area 288*PI*R*hR
288*PI*l_0*1 . 331
1-1, ,1 62 in^2
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VÍeight

< Uplift on Tank > (based on API-650 F.L.2)

NOTE: This fl-at bottom tank 1s assumed supported by the bottom plate.
If tank not supported by a flat bottom, then uplift cafculations
wilf be N.4., and for reference only.

For fÌat bottom tank with self supported roof,
Net Uplift : Uplift due to design pressure less

Corroded welght of shel-l and roof plates.

:P*PI/4*D^2*I44<<
- Corr. shel-1 - Corr, roof weight

: 3 * 3.1,41,6 / 4 * 100 * I44 <<

- 2,520 - 656
: 30,753 lbf

( Density) (t) (Roof_Area)
(0.29'7 5) (o. 187s) (Lr,1 62)
65 6 lbf (New)
656 lbf (Corroded)

MIFAB-YO8-1.25
TANK REPORT : Printed - 11, / 1,9 / 2008 11 : 41 t 2'7 AM

< Uplift Case based on API-650

P Uplift : 33,929 J'bf
W Roof Plates (corroded)
W Shell (corroded) : 2,520
Since P_Uplift > W_Roof + W

Tank Roof shoul-d meet App.

1.1.1- >

65 6 t_bf
lbf

Shel 1 ,
F.1.3 and F.7 requirements.

Page 5 of 42
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< APr-620 >

R3 : 60 ln.

At : Pf *OD^2/ 4*1'44
: Pl*1_0^2/ 4*1,44
: 11-,310 in^2 (Cross-Sectional Area of Roof at Shell)

Internal Pressure - Top-Head Edge >

IV : - (weight roof plates) : -656 l-bf
w/Ar:(-656/17,3r0)

: -0.058 PSI
!ü,/At' : -0.0558 PSI

P : 3 PSI or 83.14 IN. H20

<Meridional and Latitudinal Forces)

(At the Edge of Top Head)
Tt : Rs/2* (p + W/At)

: L20/2* (3 + _0.058)
: r'7 6 .52 ]-bf / in

T2 : Rs* [P + W/AI*COS (Alpha) ] - T1
: I20* [3 + -0.058*COS(60.0000)] - l-76.52
:180 lbf/in

< APr-620 >
Minimum thickness (t) requirement:

(Per 5.10.3.2)
T: MAX(T1, T2):180 lb./in.

Sts : 22,500 PSI (Al-lowable Tensile Stress per API-620 Table 5-1)

t-Cal-c: T/(Sts*B) + CA: 180/(22,500*0.7) + 0 : 0'0114 in.

t-Calc : 0.0114 in.

Internal Pressure - Top-Head Center >

P : 3 PSI or 83.14 IN. H20

(At the Center of Top Head)
T1r (Rs/2)* (P + VqlAr)

(r20/2)*(3 + (-0.0558)) : r'76.65 1bflin
T2t:Rs*(p+W/At)-T1'

: 120*(3 + (-0.0558)) - r76.65 : 1,'76.65 rbflin

< APr-620 >
Minimum thickness (t) requi-rement:

(Per 5 .70.3.2)
T : MAX (T1, 12) : 1-7 6 .'7 Ib . / in.

Sts : 22,500 PSI (Allowable Tensi-le Stress per API-620 Table 5-1)

t-Catc -- î/ (Sts*E) + CA : I'76.'7/ (22,500*0.7) + 0 : 0.0112 in.

MIFAB-YO8-]-25
TANK REPORT: Printed - Il/79/2008 11 z 41t,2'7 AM

Page 6 of 42
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t-Cal-c: 0.0112 in.

Since t.actual > T620,
Back-Cafculating Pmax using t.actual- as target, and T620 routine...
Entry Condition: P_x : 3.001, t-620 : 0.0114
Exit Condition: P x : 49.23, L-620 : 0.1875

NOTE: Tank Limited to 15 PSI (per API-620)

P max int:15PSI , or 415.7 IN. H2O
(limited by Roof Plate)

P max int: MAX(15, 0) :15 PSI or 415.7 IN. H2O

MrFAB-Y08-125
TANK REPORT: Printed - 1'L/19/2008 1l-:4L:,27 AM

External Pressure - Top-Head Edge >

W : - (Lr + Dead Load) * Roof Area
: -(20 + 28.0325) * 81.6806
- -3t923 rbf

W/At : (-3,923 / LL,31,0)
: -0.3469 PSr

v'tlAt' : -0 . 3335 PSr

P : PV Entered : -0.2 PSI or -5.54 IN . H20

<Meridional and Latitudlnal Forces)

(At the Edge of Top Head)
T1, : Rs/2* (p + W/At)

: I20/2* (_0.2 + _0.3469)
: -32.81 lbf/in

T2 : Rs* [p + ü]/At*COS(Alpha)l - T1
: I20*L-0.2 + -0.3469*COS(60.0000)I - -32.81_
: -L2 lbf/in

< APr-620 >
Minimum thlckness (t) requÍrement:

Tp : Plex (ABS (T1 ) , ABS (T2 ) ): 32.8 tblin.
TPP : MIN (ABS (T1) ,ABS (T2) ): L2 lb/in.
Rp : Rz : 120 in.
Rpp : R1 : 120 in.

t 18: SQRTI(Tp + 0.8*Tpp)*Rp]/1342 + CA
: 0.0532 in.

r 19 : SeRT[Tpp*Rpp]/1000 + ca
: 0.0379 in.

(t 18 - cA)/Rp : 0.0004
(t 19 - cA)/Rpp:0.0003

t-Calc : MAX(t 18,t 19)
Sca : 10^6* (t-CA) /R (Per 5.5.4.3)
:1,563 PSI (Al-l-owabÌe Compressive Stress)

Page 7 of 42

version 9.2.11 - page 15



t-Calc : 0.0532 in.

< External Pressure - Top-Head Center >

P: PV Entered: -0.2 PSI or -5.54 IN. H20

(At the Center of Top Head)
T1' (Rs/2) * (P + W/At)

(L20/2) t< (-0.2 + (-0.3335) ) : -32.01 r-bf /in
T2t:Rs*(p+W/At)-T1'

: r2o*(-0.2 + (-0.333s)) - -32.01 : -32.0L lbf/in

< APr-620 >
Minimum thickness (t) requirement:

T1 & T2 Negative and Equal

T: MAX(ABS(T1)' ABS(T2)) :32 Lb./in.
Ratio < .00667

t_calc : SQRTIT*R/10^61 + CA
: SQRr Î (32¡ 1120) /10^61 + 0
: 0.062 in.

Congruent t/R ratio resul-ts per API-620 5.5.4.3
Sca : 10^6* (t-CA) /R (Per 5.5.4.3)
:1,563 PSI (Al-l-owabfe Compressive Stress)

t-Calc : 0.062 i-n.

Since t. actual > T620,
Back-Calculating Pmax using t-Ca1c as target, and T620 routine...
Entry Condltion: V x: -0.2 PSI, L-620:0.062
ExÍt Condition: V x : -4,549, t-620 : 0.1875

P max ext: -4,549 PST, ox -126.07 lN. H2O
(due to Roof Pfate)

P max ext : -4.549 PSI or -126.07 IN. H2O

MIFAB-YO8-].25
TANK REPORT: Printed - II/19/2008 11:41:2'7 ANI

t-Calc : MAX( 0.0114, 0.062 ): 0.062 in.

t.required: 0.062 in.

Page 8 of 42
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<Torispherical Head Knuckl-e Calculations>

(Per ASME VIII DIV. 1-, Appendix 1 Sect. 4)

L : Inside Dish Radius : 1,20 in.,
P=P-Design:3Psrf
E = ,Joint Efficiency : 0.7 ,
t = t.actuaf : 0.1875 in.r
r = Knuckl-e Radius : 7 .2 in. t
and S : Materia] Allowable API-620 Design Stress

M : 0.25 * (3 + SQRT (L/r))
= 0.25 * (3 + SQRT(120/1.2))
: 1.7706 in.

t-calc: (p*L*M) /(2*sr<E - 0.2*p) + cA
(3*120*1 .'7706) / (2*22,500*0 .7 - 0.2*3) + 0

: 0.0202 in.

t.required (Knuckle) : t-Calc (Knuckle) : 0.0202 in.
p_max_int : (2*s*E* (t-ca) ) / (L*M + 0.2* 1t-ca) )

(2*22, 500*0.7*0. 1875) / (!20*1.'7706 + 0.2*0. 1-875)
: 21 .7926 PSI (Knuckl-e)

P_max_int : MIN(15, P_max_int) : 15 PSI (API-620)

ROOF DESTGN SUMMARY >

t.required : 0.062 in.
t.acLuaf:0.1875 in.

P max internal : 15 PSI or 415.70 IN. H2o
P max external : -4.549 PSI ox -1,26.07 IN. H2O

MrFAB-Y08-125
TANK REPORT: Printed - 1-1'/1"9/2008 11:41':21 ANI

Page 9 of 42
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SHELL COURSE DES]GN

Course # 1
MateriaÌ: A-240
Corrosion Al-Ìow.
Joint Efficiency

< APr-620 >

R:R2:Rc:60in.
At: 11,310 in^2

< fnternal Pressure - Fufl- >

W : - (roof plates + shel-1) : -3,180 lbf
w/At: (-3,180 / 1.L,3r0)

: -0.28L2 PSt

Px : P + P liquid : 3 + 6.0187 : 9.0187 PSI

<Meridional and Latitudinal Forces)

T1, : Rc/2* (p + W/At)
: 60/2* (9.0187 + -0.2872)
: 262.13 lbflin

T2 : P*Rc
: 9.0187*60
: s 41 .1,2 rbf / in

< APr-620 >
Minimum thickness (t) requirement:

(Per 5 .L0.3.2)
T : MAX(T1, T2) : 541.1 1b./in.

Sts : 22,500 PSI (Allowabfe Tensile Stress per API-620 Table 5-1)

t-Calc : T/ (Sts*E) + CA : 541.1'/ (22,500*0.'7) + 0 : 0.0344 in.

t-Cal-c: 0.0344 1n.

Since t. actual > T620,
Back-CaIculatlng Pmax using t.actual as target, and T620 routine...
Entry Condition: P x : 9.0191, L-620 : 0.0344
Exit Condition: P x : 49.2I4, l-620 : 0.1875

NOTEr Tank LÍmited to 15 PSI (per API-620)

(Bottom Course is #1)

Type 304; Width : 5 ft.
: 0 in.
:ñ1

MIFAB-YO8-125
TANK REPORT: Printed - II/19/2008 11:'4I:2''l AM

Page 10 of 42

P shell

External

Lr shell

int : 15 PSI (due to Shel-l Course, without Liquid Head)

Pressure - Empty >

(Total- Roof Live Load weight supported by shell)
Ar*Lr/I44
1_It'762 * 20 / !44
1,634 LBE
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W : - (Roof P]ates + She11 +
(656 + 2,524 + L,634 +

-- -6,448 rbf
t/ü/At : (-6, 448 / 77,3I0)

: -0.5701 PSI
PV : -0,2 PSI

<Meridlonal- and Latltudina]

T1

MTFAB-YO8-125
TANK REPORT: Printed - 1,1,/19/2008 11 z 4L:2'7 AM

Rc/2* (P + VülAt)
60/2* (-0.2 + -0.5701)
-23.L lbflin

T2 : P*Rc
: -0 .2* 60
: -1,2 lbflin

< APr-620 >
Minimum thickness (t) requlrement:

Tp : uax (ABS (T1) , ABS (T2 ) ): 23.1 lblin.
Tpp : MIN (ABS (T1) ,ABS (T2) ): 12 lb/in.
Rp:R2:60in.
Rpp : R1 : 60 in.

t 18 : SQRT[ (Tp + 0.8*Tpp)*Rp]/1342 + CA
: 0.033 in.

t 19 : SQRT[Tpp*Rpp]/1000 + ce
: 0.0268 in.

(t 18 - cA)/Rp : 0.0006
(t 19 - CA)/Rpp : 0.0004

t-Calc: MAX(I 18,t 19)
Sca : 10^6* (t-CA) /R (Per 5.5.4 .3)
: 3,125 PSI (Allowable Compressive Stress)

t-Ca1c : 0.033 in.

Since t. actual > T620,
Back-CalcuJ-ating Pmax using t-Cal-c as target, and
Entry Condition: V x : -0.2 PSI, t-620 : 0.033
Exit Condltion: V x : -1-2,40I, t-620 : 0.1875

Lr shel-l- + Dead Load)
1_, 634)

Forces)

Page 11 of 42

P shell ext : -12.401 PSI
Course # 2

Material-: A-240 Type 304;
CorrosionAfÌow.:0in.
Joint Efficiency : 0.?

< APr-620 >

R:R2:Rc:60in.
At : 11,310 in^2

(due to Shell Course)

Width : 5 ft.

T620 routine...
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( Internal- Pressure - Full- >

W : - (roof plates + sheÌl) : -1,91-8 lbf
v{/At.: (-1,918 / L1,t31,0)

: -0.1696 PSr

Px : P + P liquid : 3 + 3.0093 : 6.0093 PSI

<Meridionaf and Latitudinal Forces)

TI : Rc/2* (p + W/Ar)
:60/2* (6.0093 + -0.1,696): 1,75.19 lbf /in

T2 : P*Rc
: 6.0093*60
: 360.56 lbflin

< APr-620 >
Minimum thickness (t) requirement:

(Per 5.10.3.2)
T: MAX(T1, T,2) :360.6 ]b./in.

Sts : 22,500 PSI (Al-l-owable Tensife Stress per API-620 Table 5-1)

t-Ca1c: T/(Sts*E) + CA: 360.6/(22,500*0.'7) + 0 : 0.0229 in.

t-Cal-c : 0.0229 j-n.

Since t.actual > T620,
Back-Cal-cuJ-ating Pmax using t.actual as target, and T620 routine...
Entry Condition: P x : 6.0103r L-620 : 0.0229
Exit Condition: P x : 49.222, l-620 : 0.1875

NOTE: Tank Limited to 15 PSI (per API-620)

MIFAB-YO8-125
TANK REPORT: Printed - L1/79/2008 11241'22'7 Al¡i

P shefl

External

Lr shell

int : 15 PSI (due to Shell- Course' without Liquid Head)

Pressure - Empty >

(Total Roof Live Load weight supported by shell-)
:Ar*Lr/I44
: 1,I,'762 * 20 / I44
: 1' 634 LBF

Paqe 12 of 42

V{ = - (Roof Plates + Shell +
(656 + r,262 + 1_,634 +

- -5,186 lbf
vrlAt : (-5,186 / ]1,3L0)

: -0.4585 PSr
PV : -0.2 PSI

<Meridional and Latitudinal

T1- : Rc/2* (P + W/At)
: 60/2* (-0.2 + -0.4585): -19.76 rbf/in

Lr shefl + Dead Load)
r, 634].

Forces>
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T2 : P*Rc
: -0.2*60: -12 tbflin

< APf-620 >
Minimum thickness (t) requirement:

Tp : vax (ABS (T1) 
'ABS 

(T2) ): 19. I lbl1n.
lPP : MIN (ABS (T1) 

'ABS 
(T2) ): 12 lb/rn.

Rp:RZ:60in.
Rpp : R1 : 60 in.

t 1-8 : SQRT[ (Tp + 0.8*Tpp)*Rp] /1342 + CA
: 0.0313 in.

t 19 : SQRT[Tpp*Rppl/1000 + CA
: 0.0268 in.

(t 18 - CA)/Rp : 0.0005
(t 19 - cA)/Rpp : 0.0004

t-Calc : MAX(t 18,t 19)
Sca : 10^6* (t-CA) /R (Per 5.5.4.3)
: 3r 125 PSI (All-owable Compressive Stress)

t-Ca1c : 0.0313 in.

Since t. actual > T620,
Back-Cafculating Pmax using t-Calc as target, and T620 routine...
Entry Conditlon: V x: -0.2 PSIt L-620: 0.0313
Exit Condition: V x : -1-2.43, l-620 : 0.1875

P shel-l- ext : -12.43 PSI (due to Shel-] Course)

< SHELL COURSE #1 SUMMARY >

t shell- min governs. See the STIFFENING RINGS Calcufations'

t-Cal-c : MAX(L-CaIc 620, t shell min)
: MAX(0.0344, 0.0701)
: 0.0701 in.

t.min620 per 5.10.4.1.c : 0.1875 in.
t.min620 per 5.10.4.1.a : 0.1875 in.

t. required : MAX (t.design, t.nin620)
: MAX (0.0701,0 ' 1875) : 0.1875 in.

t. actuaf : 0.1875 in.

Vleight : Density*PI* [ (12*OD) - t] *12*¡7idth*t
: 0.29-75* pT* [ (12*L0) _0.1875] *12*5*0.1975
: I,260 Lbf (New)
: I,260 Lbf (Corroded)

MrFAB-Y08-125
TANK REPORT: Printed - 17/1'9/2008 11:.4L227 AI'4

Page 13 of 42
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< SHELL COURSE #2 SUMMARY >

t shel-f min governs. See the STIFFENING RINGS Cafculations.

t-Ca]c : MAX(t-CaIc 620, t she11 min)
: MAX(0.0313, 0.0701)
: 0.0701 in.

t.min620 per 5.10.4.1.c : 0.1875 in.
t.min620 per 5.10.4.1. a : 0.1875 in.

t. required : MAX (t.design, t.min620)
= MAX (0.0701,0.1875) : 0.1875 in.

t.actual- : 0.1875 in.

MIFAB-YO8_125
TANK REPORT: Printed - L1,/I9/2008 11z4lz2'7 AM

lfeight Density*PI* [ (12*OD) - t] *12*Width*t
0.29'75*pr* [ (12*10) -0.1875] *12*5*0.1875
L,260 Lbf (New)
L,260 l-bf (Corroded)

Page 14 of 42
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FLAT BOTTOM: NON-ANNULAR PLATE DESIGN

Bottom Plate Material- : A-240 Type 304
Annular Bottom Plate Material : A-36

<Weight of Bottom Plate>

Bottom Area :

Weight : Density * t. actual- * Bottom Area
: 0.29'1 5 * 0.25 * LL,690
: 869 lbf (New)
: 869 fbf (Corroded)

< APr-620 >

t min : 0,25 + CA : 0,25 + 0 : 0.25 in. (per Section 5.9.4,2)

t-Cafc:tmin:0.25in.

< Vacuum Cafcufations > (per ASME Section VIII Div. 1)

V'Ieight of Corr. Bottom Pl-ate Reslsting External- Vacuum

P btm : 0.29'75 * 0.25
: 0.0144 PSI or 2.06 IN. H2O

P ext: PV + P btm: -0.2 + 0.0744: -0.1256 PSI or -3.48 IN. H2O
: -0.1256 PSI

td ext : (t-Calc - CA) (1st course)
: (0.0701 - 0)
: 0.0701 in.

ts : (t.actual - CA) (1st course)
: (0.187s - 0)
: 0.1875 in.

MrFAB-Y08-125
TANK REPORT: Printed - 7I/19/2008 11:41:,2'7 AM

PI/ 4* (Bottom OD) ^2
Pr/4*(1,22.)^2
11,690 in^2

c: 0.33 * td ext / ts
0.33 * 0.0701 / 0.L875
0.7234

Page 15 of 42

since C < 0.2, set C -- 0.2

t-vac : oD*SQRT(c*P ext/SE) + cA
: (r20)*sQRrl(0.2) (-0.1256)/ (22, s00)(0.7)l + 0
: 0.151-5 in.

t-Caf c : MAX (t-Cal-c, t-Vac)
: MAX(0.25,0.1515)
: 0.25 in.

P max external (Vacuum limited by bottom plate
: -(t(t - CA) /OD1^2*(S*E/C) + P btm)
: - ( t (0.25 - 0) /1201^2* (22,500*0 .1 /0.2) +

= -0. 4162 PSI or -11.53 IN . H2O

t.hickness )

0 .07 44)
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FLAT BOTTOM: NON_ANNULAR SUMMARY >

Bottom Pfate MaterlaÌ :, A-240 Type 304
t.required : 0.25 tn.
t.actual : 0.25 in.

M]FAB-YOB-125
TANK REPORT: Printed - IL/19/2008 11:41:28 AM

Page 16 of 42
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STIFFENING RINGS (API-650)

vs : VÍind Velocity : 0 mph
vf : Velocity Factor : (vsl100)^2 : (0/100)^2 : 0

Design PV : 0.2 PSlf OR 5.54 In. H2O

(REF: 'structural- AnaJ-ysis and Design of Process Equlpmentl
2nd Edltion, Jawad)

(Combining effects of internal vacuum wlth vf)

ve : Effective Velocity Factor
: (25.6 * vf + I44 * SF * PV) / 25.6

(25.6 * 0 + 744 * 2 * 0.2) / 25.6
-- 2.25

MIFAB-YO8-125
TANK REPORT: Printed - II/19/2008 11:41:28 AM

<TOP COMPRESSION RTNG CALCULATIONS>

Z: Required Top comp Ring section Modulus (per API-650 3.1.5.9.e)

: o i_n^3, Top comp. Ring is not required for seff-supported Roofs
if the requirements of either Section 3.10.5
or 3.10.6 are met.

<TNTERMEDTATE üIIND GIRDER CALCULATIONS (PER API-620 Section 5.10.6)

ME : 28,000, 000/29,000,000
:1

Hu : Maximum Height of Unstiffened Shell
: {ME*600,000*t*SQRT It/oD] ^3] / ve)
: {1*600,000*0.1875*SQRT[0.1875/10]^3] / 2.25
: L28.37 ft

Wtr : Transposed Width of each Shell- Course
: V'Iidth*[ t_top-course / t course ]^2.5

Transforming Courses (1) to (2)

Illtr(1) :5*t 0.1875/0.1875 )^2.5
rltr(2) :5*t 0.1875/0.1875 )^2.5
Htr (Height of the Transformed

: SUM{V{tr}:10 ft

L0 : Unstlffened She1l Length
: 10/7 : 10 fr

Page 17 of 42

No fntermediate V,find Girders Needed Since Hu >: L 0

Ve Max : iME*600,000*t*SQRTlt/ODl^3) / L0
: {1*600,000*0.1_875*SQRTt0.1875/101^3} / L0
: 28.8838

:5ft
_ E t+
- J !L

SheIl )
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P ext shel-l- 1 (EXTERNAL PRESSURE CHECK per Jawad,
based on Ve Max, L0, and t top course)
: 25.6 * (vf - Ve Max) / (744 * SF) )

: 25.6 * (0 - 28.8838) / (r44 * 2))
: -2.5674 PSI or -'71.15 IN. H2O

t shel-1 min 1 (She]] Minimum t per Jawad,
based on L0, and Ve),

: { (L0*Ve*SQRTIODI^3) / (ME*600/000) } ^ 0.4 (cA rncl. Later)
: {(10*2.25*SQRT[10]^3) / (1*600,000)] ^ 0.4
: 0.0675 in.

NOTE: Per User Design,
Wind Girder Cal-culations per ,Jab¡ad N.A.

Design Length (L0) : 10 ft or 120 in.
Design Diamet.er (D0) : 10 ft or 120 in.

M : max(M seismic, M wlnd) -- \f ,039 ft-lbf

tq : thickness required for M
: M/ (R^2* Pl*S*E)
: 0. 0008 in.

tnp (Top Course thickness avail-able to resist external pressure)
: t top course - tq
: 0.1875 - 0.0008

MIFAB-YO8-125
TANK REPORT: Printed - 1'1/19/2008 11:41:28 AM

: 0.1867 in.

since D0/t <: 1000, wifl al-so Perform ASME

CHECK FOR EXTERNAL PRBSSURE: (per ASME Section VfII, UG-28)

L0lD0 : 1
DOl (t_top_course - ca_top course) : 640
B : LtI5'7 (from FIG HA-1 >
A : 0.0000824 (from FIG UGO 28.0> (ref. only)

Page 18 of 42

shel-I min 2 : 3PD/ (48) + tq (CA Included l-ater)
: (3*0 .2*L20.00) / (4*L,1,5'7 ) + 0.0008
: 0.0164 in.

ext shell- 2 (Per ASME VIII)
: _4*tnp*B/ (3*D0)
: _4*_2. 4001*1, I51 / (3*120. 00)
: -2.4001 PSI or -66.52 IN. H2O

(Due to Top She1l Course)

shefl min 3 ( Back Cafculate Using Course Actual val-ues ),
: D0 / [ (0.866*E)/(pV*(L0lD0))]^(2/5) + ca rop course
: t20/ t (0. 866*28, 000, 000) / (0.2* (L) ) l^ Q/s): 0 . 07 01 in . (CA Incl- . Later )

Vacuum Calcul-ations.
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I

P ext shell- : P ext she1l 2
: -2.4001 PSr

: -2.4001 PSI ox -66.52 IN. H2O

Sínce PV >: P ext shel-l-, No Stiffeners Required.

<INTERMEDIATE GTRDER CALCULATTON SHELI THTCKNESS SUMMARY>

NOTE: Course t,exernal values befow exclude Corrosion Aflowance.

MIFAB-YO8-125
TANK REPORT: Printed - II/1,9/2008 11:41:28 AM

t. external- . l-

t. external .2

<BOTTOM COMPRESSION RING CALCULAT]ONS>

Bottom Compression Ring: N.A.

MAX(t_shel-1_min _1 to _3)
MAX (0. 0164, 0. 067 5, 0. 0701-)
0.0701 in.

MAX(t_shell-_mln _1 to _3)
MAX (0 .01,64, 0. 0675, 0. 0701)
0.0701 in.

Page J- 9 of 42
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WIND MOMENT (Using API-650 SECTION 3.11)

vs:WindVelocity:0mph
vf : Velocity Eactor : (vsl100)^2 : (0/100)^2 : 0

hR : Height of Roof
: R - SQRT[R^2 - (OD/2)^21
: 10 - SQRT[L]^2 - (70/2)^21
: 1.331 fr

t ins : Thlckness of Roof Insulatlon
:0ft

Ap Vert : Vertical Projected Area of Roof
: Pr*([R + t ins]^2)(A1pha/360) - Oo*([R + t_ins] - ]nR)/2
: pf * (L0^2) (59. 9499/360 ) - 10* (10 - L.331,) /2
:8.97L2 fL^2

Horizontal Projected Area of Roof (Per API-650 3.2.L,f)

MIFAB-YO8-125
TANK REPORT: Printed - 71/79/2008 11:41'228 AM

Xw

Ap

Mw

Moment Arm of UPLIFT wind force on roof
0.5*OD
0.5*l_0
5fr
Projected Area of roof for wind moment
PI *R^ 2
Pr* 5^2
'78.54 fL^2
VlindMoment:0ft-Ibf

W : Net weight (PER API-650 3.11.3)
(Force due to corroded weight of shefl- and
shell-supported roof plates less
40% of F.I.2 UpJ-1ft force. )

: V'I shell_ I W roof - 0.4*P* (PI/4) (1,44) (OD^2)
: 2,520 + 656 - 3* (Pt/4) (144) (10^2)
: _1 n ?q6 fbflv, rr\

NOTE: There is net uplift on the tank.

RESISTANCE TO OVERTURNING (per API-650 3.I7.2)

An unanchored Tank must meet these two crlteria:
1) 0.6*Mw + MPi < MDL/1.5
2) Mw + 0.4MPi < (MDL + ME) /2

Mw : Destabilizing Wind Moment : 0 ft-Ibf

MPi : Destabllizing Moment about the Shell--to-Bottom Joint from Design <<

Pressure.
: P* (Pr*OD^2/4)* (L44)* (OD/2)
: 3* (3. 1416*10^2/ 4) * (1,44) * (5)
: 169t 646 ft-lbf

MDL : Stabillzing Moment about the Shel-l--to-Bottom Joint from the SheLl and <<

Roof weight supported by the Shel-l.
(Vl shell + W roof )*OD/2
(2,520 + 656)*5

: 15,880 ft-]bf

Page 20 of 42
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ta : Bottom Pl-ate thickness : 0.25 in.

MF:

Circumferentiaf loading of contents along Shel-1-To-Bottom Joint '
4 . 67 *ta*SQRT ( Sy_btm*H_l-iq)
4. 67 *0. 25*SQRT (30, 000*10)
639.466r rbf/ft

Stabilizing Moment due to Bottom PÌate and Llquid Weight.
(oD/2) *wa*Pr*oD
(s) (639.466r) (3.1416) (10)
30,r34 ft-lbf

Crlteria 1

0.6*(0) + ]-69,646 < 15,880/1.5
Since 169,646 >: L0,587, Tank must be anchored.

Cri-terla 2
0 + 0 .4 * 169,646 < (15,880 + 30r r34) /2
Since 6''l ,858 >= 23,00'7, Tank must be anchored.

RESISTANCE TO SLIDING (per API-650 3.1-1.4)

MIFAB-YO8-125
TANK REPORT: Printed - 1-I/19/2008 11:41:28 AM

wind : vF*(15 * Ap Vert + l-8 * As)
: 0*(15 * 8.9'712 + 18 * 100)
: 0 l-bf

friction : Maximum of 40% of ?leight of Tank
: 0.4 * (W_Roof_Corroded + Vf_Shell_Corroded +

W Btm Corroded I W min Liquld)
: 0.4 * (656 + 2t520 + 869 + 0)

: 1,618 1bf

No anchorage needed to resist sl-1ding since

Ffriction)Fwind
(Due to Uplift)

ANCHORED TANKS (per API-650 3.11.3)

btwlnd : Anchor Tension Required to Resist. Wind Moment
: 4*¡4ç/ (D*N) _ W/N
: 4*0/ (10.3333*8) - (-1,0,396) /8
: 1,300 lbf

Page 2I of 42
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SEISMTC MOMENT (API-650 APPENDTX E E API-620 APPENDIX L)

Ms (Seismic Moment)
Ms : Z*I* (Cl*Ws*Xs + Cl*Wr*Ht + C1*Ví1*X1 + C2*W2*X2)

li

I
o

: 0.075 Zone coefficlent for zone 1 (from Tab1e E-2)
: I Importance Factor
: 1.5 Site amplification factor (from Table E-3)

C1 : 0.6 : Lateral- earthquake force coefficient

k : 0.59 (factor for D/H: 1 from figure E-4)

T : Natural- Period of First Sloshing Mode
: k*sQRT (OD) : 0.59*SQRT (10) : 1.866

C2 : LaLeral Earthquake Force Coefficient
: 0. ?5 (s) /r : .'75 (r.s) / (1.866) : 0.6029

From Figures E-2 & E-3
X1 H : X1,/H chart factor
X2 H : X2/H chart factor
Wl Vft : VüllVlt chart factor
V{2 Vlt : w2/Wt chart factor
i¡üt : !üeight of tank contents G Max. Liquid Level

X1 : (X1 H)*H : (0.4044)*10 : 4.0444
x2 : (X2 H)*H : (0.'724 )*10 : '7 .2405
Vf1 : (W1 Wt)*Wt: (0.8132)*6'7,665:55,024
w2 -- (I/'I2 vüt ) *I/.It : (0 .245) * 61 , 665 : L6 , 57 8

Ws : W shell- f W Insul-ation (New Condition)
=2,520+0:2,520

Wr : W roof + Snow Load + W Insulation (New Condition)
=656+L,634+0:2,290

C1*Ws*Xs : 0.6* (2,520) (5) : 7 ,560
C1*!rlr*Ht : 0.6*(2t290) (10) : ]-3,'740
C1*Wl*X1 : 0 . 6* (55,024) (4 .0444) : 733,523
C2*w2*x2 : (0. 6029) (16,578) (1 .2405) : 12,369

Ms : Z*I* (Cl*Ws*Xs + C1*Wr*Ht + C1*Ví1*X1 + C2*W2*X2)
: (0.075) (t) ('7,560 + t3,'740 + 133,523 + 12,369)
: t'7 t 039 ft-l-bf

W_shel-l- : Weight of Shell- (New Condition)
W rool2 : Weight of Roof Plates Supported By Shell (New)

wt : (w shell + w roofz) / (PI*OD) (New Condition)
(2,520 + 656)/(Pr*10)

: 101. rbf/ft

RESÏSTANCE TO OVERTURNING (per Section 8.4.1-, 8.4-2,
assuming no anchors)

wf : 7. 9* (tb1) *SQRT(Sy*G*H)
: 7 .9* (0.25) *SQRT (36/ 000*1.39*10)
: 7,39'7 Lbl / fL

where tb1 : t - CA:0.25 in. (for Bottom Pl-ate)

MTFAB-YO8-125
TANK REPORT: Printed - LL/19/2008 IL:4L:28 AM

Page 22 of 42
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1.2s*c*H*oD : 1 .25 (1-.39) (10) (10)
: 7'7 4 rbf. / f.t

since !'¡f > 1.25*G*H*OD, wl : 1.25G*H*OD
wI : 1,'Ì4 l-bf/ft

UNANCHORED TANKS (Section 8.5.1)

Ms/loD^2(wt+w])l : I'7,039/t(70^2) (101. + 174)l : 0.6!94

b : wt + 7.2'73(Ms)/OD^2 : max longitudinal- compressive force
: 101. + 1 .273(L'l ,039) / O0)^2 : 318 lbf/ft

MAXIMUM ALLOhIABLE SHELL COMPRESSION (Section 8.5.3)

b/ (L2L) : Max Longitudinal Compressive Stress
:318/(72*(0.1875 - 0)) : 141 PSr

ç*H*OD^2/L^2 : (1.39) (10) (t0^2) / (0.1875 - 0)^2 : 39,538

Fa : 10^6*L/ (2.5*OD) + 600*SQRT(c*H)
(10^6) (0.1875 - 0)/ (2.5*10) + (600)SQRT[(1.39) (10)]

: q .'t ?7 P.sI¿l t'

MTFAB-YO8-125
TANK REPORT: Printed - !1'/19/2008 11:41:28 AM

ANCHORED TANKS (Section 8.5.2)

:0.1975 - 0:0.18?5 in. (oK since b/(I2L) <: Fa)

: wt + I.213(Ms)/OD^2 : Max Longitudi-nal Compressive Force
: 101. + 1 .213(I'7 ,039) / (rc)^2 : 318 lbflft

MAXIMUM ALLOWABLE SHELL COMPRBSSION (Section E.5.3)

b/ (I2l) : Max Longitudinal Compressive Stress
: 3r8/ (r2* (0.1875 - 0) ) : 141 PSr

G*H*OD^2/L^2 : (1.39) (10) (IO^2) / (0.I815 - 0)^2 : 39,538

Fa : 10^ 6*L/ (2.5*OD) + 600*SQRT (G*H)
(10^6) (0.18?5 - 0)/ (2.5*10) + (600)SQRTt(1.39) (10)l

: 9 ,'7 37 PSI
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ANCHORAGE OF TANKS (Section E.6.1)

N : B Number of Anchors
D : 10.3333 ft Diameter of Anchor Circle

Net Uplift : Net. uplift due to internal pressure

MAR : minimum anchorage resistance due to seismic moment
: L.213(Ms)/oo^2 + Net uplift/Circumference
: I.273 (17,039) /I0^2 + 30,153/ (pr*10)
: I,196 lbf/ÎL circumference

btseis : anchor tension reqrd to resist seismic moment
: MAR*D'<PIl (N)

(r,L96) (10.3333) (pr)/(8) : 4,853 lbf

:0.1875 - 0:0.1875 in. (OK since b/(72t) <: Fa)
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<ANCHORAGtr REQUTREMENTS>

Minimum # Anchor Bolts : 4

NOTE: API-620 has no minlmum spacing requirement, but
per API-650 3.\2.3, maximum spacing is 10' if anchorage required.

Actual # Anchor Bolts : 8

Anchorage Meets Spacing Requirements.

M]F'AB_YOB-125
TANK REPORT: Printed - II/79/2008 11:41:28 AM
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ANCHOR BOLT DESIGN

Bolt Materlal- : A-193 Gr B7
Sy : 105,000 PSI

< Uplift Load Casesr per API-650 Tab1e 3-21b >

D (tank OD) = 10 ft
P (design pressure) : 83.14 INCHES H2O
Pt (test pressure) :1.25 * P:103.93 INCHES H2O

Pf (fail-ure pressure per F.6) : N.A. (see Uplift Case 3 below)
t h (roof plate thickness) : 0'1875 in.
Mw (Wind Moment) : 0 ft-]bf
Ms (Seismic Moment) : I7 '039 ft-]bf
W1 (Dead Load of She1l minus C.A. and Any

Dead Load minus C.A. other than Roof
Pl-ate Acting on Shell-)

W2 (Dead Load of SheÌl- minus C.A. and Any
Dead Load minus C.A. lncludlng Roof
P1ate mj-nus C.A. Acting on Shell)

W3 (Dead Load of New Shel-l- and AnY
Dead Load other than Roof
Pl-ate Acting on Shel-l-)

For Tank with Self Supported Roof,
W1 : Corroded She1l + Shel-l- Insulation

: 2'520 + 0
: 2,520 Lbf

1tr2 : Corroded Shell- + Shel-l Insul-atlon + Corroded
Roof Plates + Roof Dead Load

: 2,520 + 0
+ 656 + LLt'762 * 8.0325/144

: 3,832 Lbf
Vü3 : New Shell + Shell lnsul-ation

: 2'520 + 0
: 2'520 Ibf

Uplift Case 1: Design Pressure OnlY
u: t(P - 8*t h) * Dn2 * 4.081 - w1
U: t(83.1-4 - 8*0.1875) * 10^2 * 4.08) - 2,520

: 30,789 1bf
bt : U / l¡: 3'849 lbf

Sd:15'000 PSI
A s r : Bol-t Root Area Req'd
Asr:btlsd

: 3,849/15,000 : 0.257 in^2

Uplift Case 2: Test Pressure only
u: t(Pt - 8*t h) * Dn2 * 4.081 - v{1
u: t(l-03.93 - 8*0.1875) * L0^2 * 4.081 - 2,520

: 39,211 l-bf
bt : U / l¡ : 4,909 Lbf

MTFAB-YO8-125
TANK REPORT: Prlnted - 17/1'9/2008 11:41-:28 AM
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sd : 20,000 PSr
A s r : Bol-t Root Area Req'd
Asr:btlsd

: 4,909/20,000 : 0.245 in^2

Up11ft Case 3: Failure Pressure Only
Not applicabfe since if there is a knuckl-e on tank roof,
or tank roof is not frangibl-e.
Pf (fallure pressure per F.6) : N.A.

Uplift Case 4: Wind Load only
U:[4*Mw/D] -W2
u:[4*0/to1_3,832

- -3,832 rbf
br:u/N:-419rbf

sd : 0.8 * 105,000 : 84,000 PsI
A s r : Bol-t Root Area Req'd
A s r: N.4., since Load per Bolt is zelo,

Uplift Case 5: Seismi-c Load OnlY
U:[4*Ms/DJ_w2
U: 14 * 1,'7,039 / I0) - 3,832

-- 2,984 rbf
bt:u/m:373]bf

sd: 0.8 * l_05,000 : 84,000 PSI
A s r : Boft Root Area Req'd
Asr:btlsd

: 3'73/84,000 : 0.004 1n^2

Uplift Case 6: Design Pressure + Wind Load
U : I(P - 8*t h) * Dn2 * 4.081 + [4 * Mw / DJ -W1
u: [(83.14-8*0.1875)*\0^2 * 4.08]+[4*0 / to1 - 2,52O

: 30,789 lbf
bt:u/u:3,849]bf

Sd : 20'000 : 20,000 PSI
A s r : Bolt Root Area Reqrd
Asr:btlsd

: 3,849/20,000 : 0.I92 in^2

UpÌift Case 7: Design Pressure + Seismic Load
u : t(P - 8*t h) * Dn2 * 4.081 + [4 * Ms / D] -W1
U : [ (83.14-8*0.18?5)*t0^2 * 4.08]+[4*17,039/10]-2,520

: 3'7 ,605 lbf
bt:u/N:4,'701 rbf

Sd : 0.8 * 105'000 : 84,000 PSI
A s r : Bolt Root Area Req'd
Asr:btlsd

: 4,10I/84,000 : 0.056 in^2
< ANCHOR BOLT SUMMARY >

MIFAB-YO8_T25
TANK REPORT: Printed - 77/L9/2008 11:41:28 AM
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Bol-t Root Area Reqrd : 0.251 in^2

Exclusive of Corrosion,
Nominaf Bolt Diameter Req'd : 0.75 in. (per ANSI 81.1)
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Actual Bolt Diameter : 1.000 ln.

BoÌt Diameter Meets Requirements.

M]FAB_YOB-125
TANK REPORT: Printed - 7L/L9/2008 17:4I:28 AM
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ANCHOR CHATR DESIGN
(from AISI 'Stee1 PÌate Engr Data' Dec. 92,

Entered Parameters

Chair Material:
Top Plate Type:
Chair Style:

a
b
k

d
e
f
s
h
)

MrFAB-Y08-125
TANK REPORT: Printed - IL/19/2008 11:41:28 AM

Top Plate Width
Top Plate Length
Verical- Pl-ate Width

Top Plate Thickness
Bolt Nomlnal Diameter
Bolt Eccentricity
Outside of Top Pl-ate to Hole Edge
Distance Between Vertical Plates
Chaír Height
Vertical Plate Thickness

m : Bottom Pl-ate Thickness : 0'2500 in.
t : 1st Shel-l- Course Thickness : 0 . 1875 in.

r : Nominal She11 Radius to Tank Centerl : 59.813 in.

Bolt Load due to Seismic (U Case 7): 4,701- LBF
Bolt Load due to Vfind (U Case 6) : 3' 849 LBF
Bolt Load due to Uplift (U Case 1) : 4,909 LBF

Design Load per Bolt: P : 4.91 KIPS

d:BoItDiameter:1in.
n : Threads per unit length : B TPI
A s : Computed Boft Root Area

: 0.7854 * (d _ 1,.3 / n)^2
:0.7854*(1 _7.3/B)^2
: 0.551 in^2

Vol-. It Part VII)

A-240 Type 304
D]SCRETE

VERT. TAPERED

4 . 000 in.
4 . 000 in.
2 . 500 in.

0.750 in.
1 . 000 in.
2 . 000 i-n.
0 . 625 in.
2 . 000 in.
12.000 in.
0.500 1n.

Bol-t. Yie]d Load : A*Sy,/1000 (KIPS)
: 0.551*105,000/1000
: 51.855 KIPS

Sts -- 22,500 PSI (A1lowable Tenslle
Per API-650 Tabl-e 3-2tb, Sd : 15 I{SI

Since t <: 3/8 in. and Seismic Zone
h min is 12 in.

Page 28 of 42

For Discrete Top P1ate,
Max. Chair Height Recommended : h (: 3 * a

hmax:3*4:].2in.

e min: 0.886 * d + 0.512: 1.458 in.

g_min

f min

: d + 1, : 2 in.
: d/2 + 0.125: 0.625 in.

Stress per API-620 Table 5-1)

is a Factor,
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c min : SQRTtp / Sd / f * (0.375 * g - 0.22 * d)l
: 0.52'7 in-

j min: MAX(0.5, t0.04 * (h - c)l)
: MAX(0.5, t0.04 x (r2.000 - 0.750)l)
: 0.5 in.

Checking Requirement: (j*k) Must Be ): (P/25)

bmin:emin+d+L/4
: 1.458 + 1, + I/4
: 2.708 in.

<Stress due to Top Plate Thickness>
sd-ropPla'" 

: i .i'iZ'rr;;1;.,¿2)'7' 
,ä.3'; ?'3'- o.l', . ,,

Chair Material Yield Stress : 30000 PSI

(Stress due to Chalr Height> (For Discrete Top Plate)
Sd Chai-rHeight : P * e / L^2 * E3

where F3 : F1 + F2l

now F1 : (I.32 * z) / (F6 + F7)
where F6 : (1.43 * a * h^2) / (r * t)

and F? : (4 * a * Lrn2)^(1/3)
andz:L/ (F4*F5+1)

whereF4: (0.:-71 *a*m) /sQnf(r*t)
and F5 : (m / L)^2

MIFAB-YO8-125
TANK REPORT: Printed - 77/1,9/2008 11:4L:28 ANI

yields F5

yields F4

yields z

yields F7

yields F6

yields F1

(0 .25 / 0 .L87 5) ^2
L.'77'78
(0.\17 * 4. * 0.25) / SQRT(59.8125 * 0.1875)
0.0529
L / (0.0529 * 1.1'7'18 + 1-)

0.9141
(4*4.*L2.^2)^(I/3\
13.20'71
(1.43 * 4. * 12.^2) / (59.8125 * 0.1875)
0.0139
(1,.32 * z) / (0.0139 + 73.20'7'7 )

0.0139
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now F2 : 0.031 / SQRT(r * t)
yj-e1ds ,, 

= 
3:33är, 

sQRr(5e.8725 * 0.1875)

yields u, : 3 .|tt|+ 
0.00e3)

yietds Sd_ChairHeight : 4.909 * 2. / 0.1875^2 * 0-0232
: 6.4739 KSI

Sts : 22,500 PSI (Allowable Tensile Stress per APT-620 Table 5-1)

For Shell Course material-: A-240 Type 304,
using Design Stress -- 22.5 ks
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< ANCHOR CHA]R SUMMARY >

Sd TopP1ate Meets Design Cal-culations
(within 105å of Sd)
Sd ChairHeight Meets Design Cal-cufations
(withj-n 105% of Sd)

MrFAB-Y08-125
TANK REPORT: Printed - 7L/L9/2008 11:41:28 AM
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TABLE 1A: NOZZLES & MANWAYS

NAME ÎYPE SIZE FLANGE
FACING

(in)

A&L
C

H

MIFAB-YO8-125
TANK REPORT: Printed - 1'7/t9/2008 11:41:28 AM

RFNZ 6
RFMI¡¡ 30
SHNZ 30

TABLE 18: NOZZLES & MANVIAYS

NAME

scH.

RFSO
RFSO
RFSO

A&L
U
H

MATERÏAL

ELEV. ORIEN REPAD
oNt

SHELL
(ft) (Deg. (in)

STD
STD
STD

N.A.
A-240 Type 304
A-31.2 UNS 53125

Roof Sts : 22,500 PSI (Allowable Tensife Stress per API-620 Table 5-l-)

N.A.
N.A.

2

El_

REPAD REPAD REPAD
DoWCA

orL
(in) (in) (in)

0
0
0

0.7
0.7

Ex tn
(in)

1 0.187
1 0.187

ca_n L_ip
(in) (in¡
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-;
0

L ep tw1
(in) (in)

-;
0

-ã 
o., ãi

6 0.187

Lw2
(in)

-;
0
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( Nozzl-e A e I Reinforcement Requirements )
(Per API-650 Section 3.8.5.1 and other references below)

NOZZLE Description : 6in. STD RFSO

MOUNTED ON ROOF" El-evation : 0 ft.
ROOF PARAMETERS:

(Per User Setting, t-Basis : API 650 defaul-t
t c : 0.1875 in.
t Basis : 0.25 in.

(FOR ROOF NOZZLEI
REF. APr-650 FrG 3-1,6, TABLE 3-l-4 AND FOOTNOTE
or API-650 FIG 3-17, TABLE 3-15 AND FOOTNOTE A

Since Roof Nozzl-e size <: 6 NPS'
trpr:0in.

No Repad Required per FOOTNOTE Af Table 3-14

MrFAB-Y08-125
TANK REPORT: Printed - II/1'9/2008 l-1:41:28 AM

1,/ 4 in.\

A OF TABLE 3-14,
oF TABLE 3-15)
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( Manway C Reinforcement Requirements (per API-620 Section 5.16) >

Manway Sts:22,500 PSI (AÌlowabl-e Tensil-e Stress per API-620 Table 5-1)

Roof Sts :22,500 PSI (Allowable Tensile Stress per API-620 Table 5-1)

< EXTERNAL PRESSURB (Design Mode) : 0.2 PSI >
Material- : A-240 Type 304
ID n (Manway ID) : 29.25 in.
ca n (Corrosion Al-l-owance for Manway Neck) : 0 in.
ID2 n (Corroded Manway fD) : fD n + 2 * ca n : 29.25 in.
t n (Nominal Manway Neck thickness) : 0.1875 in.
E (Tank Jolnt Efficiency) : 0.'7
E1 (Manway Neck Joint Efficiency) : 0.1
Ex (Area Jolnt Efficiency on which Manway 1s Mounted) : 1
tw1 (Fillet Weld at Manv{ay Neck OD) : 0.1875 in.
t rp (Manway Repad Nominal- Thlckness) : 0 in.
ca rp (Manway Repad Corrosion Ai-l-ow. ) : 0 in.
D rp (Manway Repad Do or L) : 0 in.
Lw2:Lw2c:0in.
L ip (Internal- Projected Length of Manway Neck) : 0 in.
L ep (External- Projected Length of Manway Neck) : 6 in.
H n (Nominaf Manway Elevation on Shell-) : 0 ft.

P n (Max. Internal Pressure on Manway, Including Static Liquld Head),
:P:3PSI

FOR COMPONENT ON VIHICH MANWAY ]S MOUNTED:
t c (Actual- Thickness) : 0.l-875 in.
t cr (Required Thickness, Inclusive of Corrosion) : 0.062 in.
ca c (Corrosion Allowance) : 0 in.
S cd (AJ-1owab1e Design Stress) : 22,500 PSI

f n (Manvüay Stress Reduction Factor) |: MIN[(Sts/S cd), 1]
: MINI(22,500 / 22,500), 1l
:1

MIFAB-YO8-125
TANK REPORT: Printed - 1L/I9/2008 11:41:28 AM

L_ip2 : MINIL_íp, 2.5*(t_c - ca_c) , 2.5* (t_n - ca
: MIN[0, 2.5*(0.1875 - 0), 2.5*(0.1875 - 0
: 0 in.

t nr (Required Manway Thickness, p€r ASME Section

L0/D0 : L ep/ (ID n + 2*t n) : 0.2025
D)/(L n-can) :158
B : 12,817 (from FIG HA-1 >
A : 0.004 (from FTG UGO-28.0> (ref. only)
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tnr 3PD/(48) + CA
(3*0.2*29.63) / (4*12,811) + 0
0.0003 in.

n - ca c)l
- 0)l

vrrr, uG-28)
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Manhray Areas Providing Reinforcement:
A1 c (Available Component waff on which Manway is mounted),

: ID n * (t c - t cr) - 2*L n*(t c - t cr)*(1-f n)
: 29.25 * (0.1875 - 0.062) - 2 * 0.1-875 * (0.1875 - 0.062¡*11-1)
: 3.6709 in^2.

A2 n (Avail-able Manv,/ay neck thickness),
:5 * MAXI(I n - t nr),O] * MfN[(t n - ca n) ,(t c - ca c)] * f n
: 5 * MAX[(0.1875-0.0003),0]*MrN[ (0.1875-0), (0.1875-0)] * 1
: 0.1755 inn2.

A3 n (Available Internal- Projectlon of Manway neck),
:2* (tn-can-cac) *Lip2 *f_n
:2*(0.1875-0-0)*0*1
: 0 in^2.

A4 n (Available Inner and Outer fillet wel-ds),
: tw1 ^2 t lw2c ^2

(0.1875)^2 + (0) n2
: 0.0352 in^2.

A5 n : 0 in^2 (No Reinforcement Area due to Repad)

A a (Actua] Reinforcement Area)
:A1c+A2r'+A3n+A4n+A5n
: 3.6'709 + 0.1755 + 0 + 0.0352 + 0
: 3.882 in^2.

Actual- Reinforcement Area for Manway C : A a : 3.882 in^2.

A r (Required Reinforcement Area)
: 0.5 * (t cr - ca c) * [(rD î + 2 * ca n) + 2 * (t n - ca n)*(l-f n)]
: 0.5* (0.062-0)*Í.(29.25 + 2*0) + 2* (0.1875-0)*(1-1)l
: 0. 907 in^2.

Under External Pressure:
Required Reinforcement Area for Manway C : A r : 0.907 in^2,

Since A1 c + A2 n + A3 n + A4 n ): A rr

A5 n Calc : 0 in^2 (Repad Reinforcement Area Not Required)

L nn (Length of Manway Neck Contrlbutlng to Reinforcement: RBFERENCE ONLY),
-- 2.5 * MINI(t n - ca n) ,(t c - ca_c)] + (t_rp - ca_rp)
: 2.5 * MrNt (0.1875 - 0), (0.1875 - 0)l + (0)
: 0 .4 688 in.

MIFAB-YO8-125
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< INTERNAL PRESSURE (Design Mode) : 3 PSI >
Material z A-240 Type 304
ID n (Manway ID) : 29.25 in.
ca n (Corrosion Aflowance for Manway Neck) : 0 in.
ID2_n (Corroded Manway ID) : ID_n + 2 * ca n : 29.25 ín.
t n (Nominal Manv,¡ay Neck thickness) : 0.1875 in.
E (Tank rloint Ef flciency) : 0.7
E1 (Manway Neck Joint Bfficiency) : 0.7
Ex (Area .loint Efflclency on which Manway is Mounted) : 1

tw1 (Fillet Vrleld at Manway Neck OD) : 0 - 1875 in.
t rp (Manway Repad Nominaf Thlckness) : 0 in.
ca rp (Manway Repad Corrosion Al-fow. ) : 0 in.
D rp (Manway Repad Do or L) : 0 in.
Lw2:Lw2c:0in.
L ip (Internal- Projected Length of Manway Neck) : 0 in.
L ep (External- Projected Length of Manway Neck) : 6 in.
H n (Nomj-naf Manway Elevation on Shel-f ) : 0 ft.

P n (Max. fnternal Pressure on Manway, Including Stati-c Liquid Head),
:P:3PSI

MTFAB-YO8-125
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FOR COMPONENT ON WHICH MANWAY IS MOUNTED:
t c (Actual- Thickness) : 0.1875 in.
t cr (Requlred Thickness, IncÌusive of Corrosion) : 0.0202 in-
ca c (Corrosion Allowance) : 0 in.
S cd (Allowable Design Stress) : 22,500 PSI

f n (Manway Stress Reductlon Factor),
: MIN[(Sts/S cd), 1]
: MrNl(22,500 / 22,500), 1l
:1

L_ip2 :

t nr (Requlred Manway Thickness)
: [P n * (0.5 * ID n + CA n) ]/(Sa * n1)
: [3 * (0.5 * 29.25 + 0)] / (22,500 r. 0.7)

MIN[L_ip, 2.5* (t_c - ca c) , 2.5* (t n - ca n
MrN[0/ 2.5*(0.1875 - 0), 2.5*(0.1875 - 0 -
0 in.
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- ca c)l
0)l

+CAn
+U
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Manway Areas Providing Reinforcement:
A1 c (Avall-abl-e Component walÌ on whlch Manway is mounted) ,: ID n * (t c - t cr) - 2*t n*(t c - t cr)*(1-f n)

: 29.25 * (0.1875 - 0.0202) - 2 * 0.1875 * (0.1875 - 0.0202¡*11-1)
: 4.8935 in^2.

A2 n (Avaifable Manway neck thickness),
:5 * MAXI(I n - t nr),O] * MrN[(t n - ca n) ,(t c - ca c)] * f n
: 5 * MAX[ (0.1875-0.0028),0]*MrNt (0.1875-0), (0.1875-0)l * 1
: 0.I1 32 in^2.

A3 n (Avallable Internal Projection of Manway neck),
:2* (tn-can-cac) *Lip2 *f n
:2*(0.1875-0-0)*0*1
: 0 in^2.

A4 n (AvaiÌable Inner and Outer fillet wefds),
: tw1 ^2 t tw2c ^2: (0.78'75)^2 + (0) n2
: 0.0352 in^2.

A5 n : 0 in^2 (No Reinforcement Area due to Repad)

A a (Actual Reinforcement Area)
:A1c+A2n+A3n+A4n+A5n
: 4.8935 + 0.1732 + 0 + 0.0352 + 0

-- 5.I02 in^2.

MIFAB-YO8-125
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Actual Reinforcement Area for Manway C : A a : 5.102

A r (Required Reinforcement Area)
(t cr - ca c) * E / Ex * [(]D n + 2 * ca n)

: (0.0202 - 0) * 0.7 / 1 * t(29.25 + 2*0)
+2*(0.1875-0)*(r-1)l

: 0.414 in^2.

Under Internal Pressure:
Requlred Reinforcement Area for Manway C : A r:0.414 in^2.

Since A1 c + A2 n + A3 n + A4 n ): A r¡

A5 n Cal-c : 0 ín^2 (Repad Reinforcement Area Not Required)

L nn (Length of Manway Neck Contributing to Reinforcement: REFERENCE ONLY),
:2.5 *MINI(In-can) ,(tc-ca_c) ] + (t_rp-ca_rp)
: 2.5 * MINt (0.1875 - 0), (0.1875 - 0)l + (0)
: O .4688 in.
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Ln^2.

+ 2*(L n - ca n)*(1-f n) l
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( Nozzle H Reinforcement Requirements (per API-620 Sectj-on 5.16) >

Nozzle Sts : 28,200 PSI (Allow. Tensil-e Stress no API-620 Reference)
NOTE : The API-620 Table 5-1 Value was not found.

Shel-l Sts:22,500 PSI (Alfowable Tensife Stress per API-620 Table 5-1)

< EXTERNAL PRESSURE (Design Mode) -- 0.2 PSI >
Material : A-31,2 UNS 531254 WLD PIPE
ID n (NozzÌe ID) : 29.25 in.
ca n (Corrosj-on Allowance for Nozzle Neck) : 0 in.
ID2 n (Corroded Nozzl-e ID) : ID n + 2 * ca n : 29.25 in,
t n (Nomina1 Nozzle Neck thickness) : 0.1875 in.
E (Tank Joint Efficiency) ¡, 0.'7
E1 (Nozzl-e Neck Jolnt Efficiency) : 0.7
Ex (Area Jolnt Efficiency on which Nozzle is Mounted) : 1

tw1 (Fillet WeId at Nozzle Neck OD) : 0.1875 in.
t rp (Nozzle Repad Nominal Thickness) : 0 in.
ca rp (Nozzle Repad Corrosion AII-ow. ) : 0 in.
D rp (Nozzle Repad Do or L) : 0 in.
lw2 : Lw2c : 0 i-n.
L ip (fnternal- Projected Length of Nozzl-e Neck) : 0 in.
L ep (External- Projected Length of Nozzl-e Neck) : 6 1n.
H n (Nominal- Nozzle El-evation on Shell-) : 2 iL,

P n (Max. Internal Pressure on Nozzle, Including Static Liquid Head),
: P + G * 0.433 * (Liq. Level- - H n + 0.5 * ID n + CA n)
: 3 + 1.39 * 0.433 * (10 _ 2 + 0.5 * 2.43j5 + 0)
: 8.5485 PSI

FOR COMPONENT ON WHICH NOZZLE IS MOUNTED:
t c (Actual- Thickness) : 0.1875 in.
t cr (Required Thickness, Inclusive of Corrosion) : 0.033 in.
ca c (Corrosion Al-Iowance) : 0 in.
S cd (Allowable Design Stress) : 22'500 PSI

f n (Nozzle Stress Reduction Factor),
: MIN[ (Sts/S cd), 1]
: MrN[(28,200 / 22,500), 1]

1

-a

L_ip2: MINIL_ip, 2.5*(l_c - ca_c) , 2.5* (t n - ca n - ca c)l
: MrN[0, 2.5* (0.1875 - 0), 2.5* (0.1875 - 0 - 0)]
: 0 in.

t nr (Required Nozzle Thickness, Pêr ASME Sectj-on VIII, ÜG-28)

L0/D0: L_ep/ (ID_n + 2*L_nl :0.2025
DO/(t n - ca n) : 158
B : I2,94I (from FIG HA-2 >
A : 0.004 (from FIG UGO-28.0> (ref. only)

MTFAB-YO8-125
TANK REPORT: Printed - IL/L9/2008 11:41:28 AM

Page 37 of 42

tnr 3PD/(4B) + CA
(3*0 .2*29 .63) / (4*12,94I) + 0
0. 0003 in.
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Nozzle Areas Providing Reinforcement:
A1 c (Availab1e Component wall- on which Nozzl-e is mounted),

:IDn* (tc-tcr) -2*L n*(tc-tcr)*(l-f n)
:29:25 * (õ.1875-_ 0.033) = Z *-0.1875 * (0.1_875 _ 0.033¡*11_1)
: 4.51,91 inn2.

A2 n (AvailabLe Nozzle neck thickness),
:5 * MAXt(t n - t nr),01 * MIN[(t-n - ca-n),(t-c - ca-c)] * f-n
: 5 * MAXt (0.1875-0.0003),01*MrNt (0.1875-0), (0.1_875-0)l * 1
:0.1755 j-nn2.

A3 n (Available Internal- Projection of Nozzfe neck),
: 2 * (t n - ca n - ca c) * L ip2 * f_n
:2*(0.1875-0-0)*0*l-
: 0 in^2.

A4 n (Available Inner and Outer fil-Iet wel-ds)'
: twl n2 * Lw2c n2

(0.1875)^2 + (0) n2
: 0.0352 in^2.

A5 n : 0 in^2 (No Reinforcement Area due to Repad)

A a (Actual Reinforcement Area)
=A1c+A2n+A3n+A4n+A5n: 4.51.s1 + õ.17ss T O + OIO¡SZ + O

: 4.13 inn2.

Actual Reinforcement Area for Nozz]e H : A a = 4.13 in^2.

A r (Required Reinforcement Area)
: 0.5 * (t_cr - ca_c) * [ (ID_n + 2 * ca_n) + 2 * (t_n - ca_n)*(1-f_n)]
: 0.5* (0.033-0)* I (29.25 + 2*0) + 2* (0.1875-0¡ * 11-1) J

: 0.483 in^2.

Under External Pressure:
Required Reinforcement. Area for Nozzle H : A r:0.483 in^2.

Since A1_c + A2_n + A3_n + A4_n ): A r,

A5 n Calc : 0 in^2 (Repad Reinforcement Area Not Required)

L nn (Length of Nozzle Neck Contributing to Reinforcement: REFERENCE ONLY),
: 2.5 * MrN[(t n - ca n),(t c - ca_c)] + (t_rp - ca-rp)
= 2.5 * MINt (0.1-875 - 0)' (0.1875 - 0) I + (0)
= 0 .4688 in.

MIFAB-YO8-125
TANK REPORT: Printed - 11/79/2008 11:41:28 AM

Page 38 of 42
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< INTERNAL PRESSURE (Design Mode) : 3 PSI >
Materlal z A-312 UNS 531254 WLD PIPE
ID n (Nozzle f D) z 29.25 in.
ca n (Corrosion Al-l-owance for Nozzle Neck) : 0 in.
ID2_n (Corroded Nozzle lD) : fD_n + 2 * ca n : 29.25 in.
t n (Nominal Nozzl-e Neck thickness) : 0.1875 in.
E (Tank Joint Efficiency) : 0.7
E1 (Nozzle Neck Joi-nt Efficiency) : 0.'7
Ex (Area Joint Efficiency on which Nozzl-e is Mounted) : 1

tw1 (Fi11et lüel-d at Nozzf e Neck OD) : 0.1875 in.
t rp (Nozzl-e Repad Nominal Thickness) : 0 in.
ca rp (Nozzle Repad Corrosion Al-fow. ) : 0 in.
D rp (Nozzle Repad Do or L) : 0 in.
tw2:Lw2c:0in.
L ip (Internal Projected Length of Nozzfe Neck) : 0 in.
L ep (External Projected Length of Nozzle Neck) : 6 in.
H n (Nominal Nozzle Elevation on Shefl-) : 2 f|..

P n (Max. Internal- Pressure on Nozz1e, Tncluding Static Liquld Head) 
': P + G * 0.433 * (Liq. Level- - H n + 0.5 * ID n + CA n)

: 3 + 1.39 * 0.433 * (10 _ 2 + 0.5 * 2.43'75 + O)
: 8.5485 PSI

MIFAB-YO8_125
TANK REPORT: Printed - II/19/2008 11:41:28 AM

FOR COMPONBNT ON WHTCH NOZZLE ]S MOUNTED:
t c (Actual Thickness) : 0.1875 in.
t cr (Required Thickness, Inclusive of Corrosion) : 0.0344 in'
ca c (Corrosion All-owance) : 0 in.
S cd (All-owabl-e Design Stress) : 22,500 PSI

f n (Nozzl-e Stress Reduction Factor),
: MIN[(Sts/S cd), 1]
: MINI(28,200 / 22,500)' 1l
:1

L ip2

t nr (Required Nozzl-e
lP n * (0.5 *
[8.5485 * (0.5

MIN[L_ip, 2.5*(L_c - ca_c), 2.5* (t_n -
MrN[0, 2.5* (0.1875 - 0), 2.5*(0.1875 -
0 in.

Page 39 of 42

Thickness )

ID n + CA n)l/(Sa * E1) + CA n* 29.25 | o)l / (2g,2oo * o.7t + o

ca_n - ca_c) l
0 - 0)l
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Nozzle Areas Providing Reinforcement:
A1 c (Avallabfe Component wal-f on which Nozzl-e is mounted) ,:IDn* (tc-tcr) -2*L n*(tc-tcr)*(1-f n)

: 29.25 * (0.1875 - 0.0344) - 2 * 0.1875 * (0.1875 - 0.0344)*(1-1)
: 4.4782 in^2.

A2 n (Ava11ab1e Nozzle neck thickness),
:5 * MAXI(I n - t nr),O] * MrN[(t n - ca n) ,(t c - ca c)] * f n
: 5 * MAX[ (0.1875-0.0063),0]*MINt(0.1875-0), (0.1875-0)l * 1
: 0.1698 inn2.

A3 n (Available fnternal- Projection of Nozzle neck),
: 2 * (t n - ca n - ca c) * L ip2 * f n
:2*(0.1875-0-0)*0*1
: 0 in^2.

A4 n (Availabl-e Inner and Outer fillet wel-ds),
: tw1 ^2 t Lw2c ^2: (0.1875)^2 + (0) n2
: 0.0352 in^2.

A5 n : 0 in^2 (No Reinforcement Area due to Repad)

A a (Actual Reinforcement Area)
:A1c+A2n+A3n+A4n+A5n
: 4.4182 + 0.1698 + 0 + 0.0352 + 0
: 4.683 in^2.

Actual- Reinforcement Area for Nozzl-e H : A a: 4.683 inn2.

A r (Required Reinforcement Area)
: (t cr - ca c) * E / Ex * [(ID n + 2 * ca n) + 2*(t n - ca n)*(1-f n)]
: (0.0344 - 0) * 0.7 / 1* Í(29.25 + 2*0)

+2*(0.1875-0)*(1-1)l
: 0 .104 inn2 .

Under Internal Pressure:
Requlred Reinforcement Area for Nozz1e H : A r:0.104 in^2.

Since A1 c + A2 n + A3 n + A4 n ): A rr

A5 n Cal-c : 0 in^2 (Repad Reinforcement Area Not Required)

L nn (Length of Nozzfe Neck Contributing to Reinforcement: REFBRENCE ONLY),
:2.5 *MIN[(In-can) ,(tc-cac)] + (trp-carp)
: 2.5 * MrNt (0.1875 - 0), (0.1875 - 0)l + (0)
-- 0.4688 in.

MIFAB-YO8-125
TANK REPORT: Printed - LI/I9/2008 11:41:28 AM
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CAPACITIES and WEIGHTS

ShelI capacity to

She1l
Roof Plates
Bottom

MIFAB-YO8-]-25
TANK REPORT: Printed - 1,1,/19/2008 11:41:28 AM

Total

üIeight of
Weight of
Weight of

Foundation

Foundation
Foundation
Foundation

upper TL

New Condition

4, 045 rbf

Tank, Empty
Tank, Ful1
Tank, FulI of ltlater

Area Reqtd

Loading, Enpty
Loading, Full-
Loading, Ful1 of Vilater

2,520 rbf
656 rbf
869 r_bf

.:r.ì'j

5,838 gal-

Corroded

2,520 rbf
656 lbf
869 rbf

4,045 Lbf

4t045 Lbf
72,341 Lbf
53,183 lbf

79 fL^2

57.2 rbr/1L^2
915.78 rbr/1L^2

67 3 .2 rbl / fL^2

Page 41 of 42
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6Jr I

MAVÍP & MAIVV SUMMARY FOR YO8-125

MAXIMUM CALCULATED ]NTERNAL PRESSURE

MAïVP : 15 PSI or 415.7 IN. H2O (per API-620)

MAI¡{P : Maximum Ca]culated Internal Pressure (due to she1l)
:15 PSI or 415.7 IN. H2O

MAWP : Maximum Calculated Interna] Pressure (due to roof)
(Roof also Per F.1.3 and F.7.5.c)
15 PSI or 415.7 IN. H2O

TANK MAI¡IP:15 PSI or 415.7 IN. HzO

MrFAB-Y08-l-25
TANK REPORT: Printed - 11,/19/2008 1l-:41:28 AM

MAXTMUM CALCULATED EXTERNAL PRESSURE

MAWV = Maximum Cal-culated External Pressure
: -2.4001 PSI or -66.52 IN. H2O

MAWV :

MAWV :

TANK MAWV

Maximum Calculated Externa] Pressure
-4,549 PSI or -1,26.07 IN. H2O

Maximum Cal-cul-ated External Pressure
-0.41.62 PSI or -11.53 IN. H2O

: -0.41.62 PSI or -11.53 IN. H2O

Page 42 of 42

(due to shell)

(due to roof)

(due to bottom pl-ate)
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From: Steve Williams [swilliams@imperialsteeltank.com] 
Sent: Wednesday, April 27, 2011 11:31 AM 
To: Richard Schmitt 
Subject: RE: Liquid Argon Tank; FERMILAB P.O. 583306: Job Y08-125 
Attachments: 20110427113357.pdf; 20110427113246.pdf 
 
Richard, 
Attached is a statement on the applicable letterhead confirming that the subject tank was fabricated 
according to the rules of API 620. 
 
Regarding the bottom, our software automatically defaults to ¼” minimum thickness for the bottom for 
both API 650 and 620 designs. This minimum is for carbon steel bottoms. Both codes have an Appendix 
S covering stainless steel construction which allows the bottom minimum thickness to be reduced to 
3/16”. We ran the basic vessel parameters (without nozzles) through our current edition of the design 
software and attached are those pages that were impacted by the change in bottom minimum 
thickness. The page numbers may not correspond with the original copy due to changes in the software 
report format but the 3/16” bottom is adequate.  
 
Regards, 
Steven Williams 
Imperial Steel Tank Company 
office: 815-308-3400 x103 
direct: 815-600-8607 
fax: 815-308-3376 
 
 
 

From: Richard Schmitt [mailto:rlschmitt@fnal.gov]  
Sent: Tuesday, April 26, 2011 4:47 PM 
To: Steve Williams 
Subject: Liquid Argon Tank; FERMILAB P.O. 583306: Job Y08-125 
 
Steve, 
 
The documentation sent last week was a big help to our approval process.  Would you also 
please send a statement that the tank was constructed according to the rules of API 620, as 
described in paragraph 8.3.2? 
 
The calculations are very thorough, but there is a discrepancy regarding the bottom thickness.  
The bill of material specifies 3/16 inch but the calculations are for 0.25 inch thickness.  We 
checked the actual thickness and found it to be 3/16 inch.  The only place this has any 
significance change in the results is for the external pressure.  Is it possible to re-run the 
calculations using the thinner material? 
 
 
Richard Schmitt  
630-840-4849 

FERMILAB 
                                                                                                  
 

The image  
cannot be 
displayed. 
Your 
computer 
may not …
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MIDWEST IMPERIAL STEEL FABRICATORS, LLC
400 S. LaGRANGE ROAD, FRANKFORT, ILLINOIS 60423

CUSTOMER
FERMI LAB

KIRK ROAD & WILSON STREET
BATAVIA, IL 60510

DESIGN CALCULATIONS FOR

LIQUID ARGON TANK
TAG # ME444715

120"OD x 120" SEAM / SEAM
WITH DISHED ROOF AND FLAT BOTTOM

Vessel designed with Etank 2000

M I FAB JOB No. Y08-125

DESIGN CODE APl620 1Oth Edition,Feb2002
DESIGN PRESSURE 3 psi internal/ 0.2 psi external

DESIGN TEMPERATURE .320 TO 1OO DEGREES F

SERIAL NUMBER YO8-125
YEAR BUILT 2OO9

RADIOGRAPHY None
POST WELD HEAT TREATMENT None

CONSTRUCTIONTYPE Welded

Partial Revision (for 3/16" thick bottom plate)
Please refer to design calculations dated I 1-19-08 for the balance of the vessel design calculations

SIGNATURES

CUSTOMER PURCHASE ORDER
583306

APPROVED: DATE:
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SUMMARY OF DESIGN DATA and REMARKS

Job
Date of Calcs.
Mfg. or Insp. Date
Designer
Proj ect
Tag Number
PIant
Plant Location
Site
Design Basis

Imperial- Steel tank
TANK REPORT: Prinled -

- TANK NAMEPLATE INFORMATTON

Y08-125
4/2'l/20IL, l-0:05 AM
Lt/19/2008
scv{
FERMI LAB P.O. 583306
ME-444'7]-5
FERMI LAB
FERMI LAB
FERMT LAB
API-620 1Oth Edition, Eeb 2002

Operating Ratio: 0.4
Design Standard:
API-620 10th Edition, Feb
API-650 Appendices Used:
Roof z A-240 Type 304: 0.
Shell (2) z A-240 Type 304
Shell (I): A-240 Type 304
Bottom z A-240 Type 304:

Company - Y08-125
4/2'7/20LL 10:10:07 AM

Design Internal Pressure : 3 PSI or 83
Design External Pressure : -0.2 PSI or

MAVTIP : 15.0000 PSI or 4I5.'70 IN. H2O
MAWV : -0.2480 PSI or -6.87 IN. H2O

OD of Tank : 10 ft
Shell- Height : 10 ft
S . G. of Contents : l- . 39
Max. Liq. Level- : 10 ft

Design Temperature : 100 "F
Tank Joint Efficiency : 0.7

Ground Snow Load : 20 l-bf/íl-^2
Roof Live Load : 20 Lbf/fL^2
Design Roof Dead Load = 0 lbf/fL^2

Basic VrÏind Velocity : 0 mph
htrind Importance Factor : 1

Using Seismic Method: API-650 l-Oth Ed.
Seismic Zone : 1

Site Ampl-ification Factor : 1.5
Importance Factor : 1

DESIGN NOTES

NOTE 1 : Per API-650 î.''l .6 - Hydro test pressure : 1.25
: 3.75 PSI or 103.93 IN. H2O

2002
F.1.3, E
1875in.
: 0.l-875in
: 0.1875in
0.l-875in.

Page 3 of 33

14 IN
-5.54

H20
IN. H20

*P
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SUMMARY OF RESULTS

Shel-l Material Summary (Bottom is 1)

Shell Width Material
# (fr)

Ratio

5
Ratio

5

Imperial Steel tank
TANK REPORT: Printed -

(r-cA)/R
(0.187s - 0)/60
0.0031
A-240 Type 304

(r-cA) /R
(0.187s - 0)/60
0.0031
A-240 Type 304

ToLal lteight

Shell APf 620 Summary (Bottom is 1)

Shell
#

2
1

t. int620
(in. )

Company - Y08-125
4/2'7 /2011. 10 :10 : 07 AM

Sel-f Supported Umbre1la Roof; Material : A-240 Type 304

t.required:0.062 in.
t. actual : 0.1875 in.
Roof Joint Efficiency : 0.7

Weight : 656 lbf

0 .0229
0.0344

Sts
(psi )

t.ext620 t.required t.actual
(in. ) (in. ¡ (in. )

Sca Viieight CA
(psi) (lbf) (in)

22t500 3,r25 7,260

22,500 3,1,25 1,260

0 .0'7 69
0 .0'7 69

Bottom Type: Fl-at Bottom:
Bottom Floor Material- :
t.required:0.1875 in.
t.actual = 0.1875 in.
Bottom Joint Efficiency

0.1875
0.1875

Total Weight of Bottom : 67 4 Lbf

ANCHOR BOLTS: (8) 1in. UNC Bolts, A-193 Gr 87

TOP END STIFFENER: NONE, , 0 fbf

Page 4 of 33

0.1875
0.1875

2,520

Non-Annul-ar
A-240 Type 304

-- 0.7
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FLAT BOTTOM: NON-ANNULAR PLATE DESIGN

Bottom Pl-ate Material : A-240 Type 304
Annufar Bottom Plate Material- : A-36

<Ideight of Bottom Plate>

Bottom Area :

Weight : Density * t.actual * Bottom Area
:0.29'75 * 0.1875 * 72,076
: 67 4 Ibf (New)
-- 674 l-bf (Corroded)

< APr-620 >

t min:0.1875 + CA:0.1875 + 0 = 0.1875 in. (per Section 5.3.5.1)

t-Ca]c = t min = 0.1875 in.
Cafcufation of Hydrostatic Test Stress & Product Design Stress

(per API-650 Section 5.5.1)

t 1 : Bottom (1st) Shell- Course thickness.

H'= Max. Liq. Level + p(psi)/(0.433)
: 10 + (3) / (0.433) = 16 .9284 fE

St : Hydrostatic Test SLress in Bottom (1st) Shell Course
(2.6) (OD) (H' - r) /L 1,

Imperial Steel- tank Company -
TANK REPORT: Printed - 4/2'7/207I

PI/4* (Bottom OD)^2
Pr/4*(1,24.)^2
12,0'76 in^2

Y08-125
10:10:07 AM

(2.6)(10)(16.9284 - r)/ (0.187s)
: 2,209 PSr. (Vfithin 24900 PSI limit

Sd : Product Deslgn Stress in Bottom (l-st)
: (2.6) (oD) (H' - 1)(c) / (t 7 - ca 1)
: (2.6) (10) (16.e284 - 1) (1.39)/(0.187s)
: 3,070 PSI. (Within 23200 PSI l-imit

< Vacuum CaLcul-ations > (per ASME Section VIII Div. l-)

Weight of Corr. Bottom Plate Resisting External- Vacuum

Page 19 of 33

P btm : 0.2975 * 0.1-875
: 0.0558 PST or 1.55

P ext = PV + P btm: -0.2 +
: -0. L442 PSI

td ext

ts : (t.actual- - CA) (1st course): (0.187s - 0): 0.1875 in.

for Non-Annul-ar Bottom)

Shell- Course

for Non-Annular Bottom)

(t-Cal-c - CA)
(0.0769 - 0)
0.0769 in.

IN. H2O

0.0558: -0.1442 PSI or -4.00 IN. H2o

(l-st course)
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0.33 * td ext / ts
0.33*0.0769/0.t875
0.1_353

sinceC<0.2, setC=0.2

t-vac = OD*SQRT(C*P ext/SE) + CA
(120)*SQRTI(0.2) (-0.1442) / (22, s00) (0.7) I + 0

= 0.L624 in.

t-Calc : MAX(t-Calc, t-Vac)
: [4AX(0.1875,0.1624)
: 0.1875 in.

P_max_external- (Vacuum limited by bottom plate
= -(t (t - cA) /oD1^2* (S*E/C) + P btm)
: - ( t (0.1875 - 0) /120J^2* (22,500*0 .1 /0.21
: -0.248 PSI or -6.87 IN . H2O

Imperial Steel tank Company -
TANK REPORT: Printed - 4/27/20!L

FLAT BOITOM: NON-ANNULAR SUMMARY >

Bottom Plate Material z A-240 Type 304
t.required:0.1875 in.
t.actual : 0.1875 in.

Y08-125
10:10:07 AM

thickness )

+ 0.0558)

Page 20 of 33
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NET UPLIFT DUE TO INTERNAL PRESSURE
(See roof report for cal-culatíons)
Net Uplift : 30,753 lbf
Anchorage REQUIRED for internal pressure.
BoJ-t Spacing : 10 ft, Min # Anchor Bolts : 6

I¡¡]ND MOMENT (Using API-650 SECTION 5.11)

vs:WindVelocity:0mph
vf : Velocity Factor : (vs/100)^2 : (0/100)^2 = 0

VÍind Uplift : Iw * 30 * vf
:1*30*0
: 0 Lbf/fl^2

Imperial Steel tank
TANK REPORT: Printed -

API-650 5.2.7. k Uplift Check
P_F41 : V{CIoPSI (0. 962*Fy*A*TAN (Theta) /D^2 + 8*t_h)
P F41 : WCIoPSI (0.962*30, 000*0'k0 .8333/70^2 + 8*0.1875)

: 0.0541 PSr
Iimit Ïalind_Upli fL/ 744+P to 1 . 6*P F41
Wind UplitL/I A + P : 3 PSI
1.6*P F41 = 0.0866 PSI

Vfind_Upliflt/1-44 + P: MIN(tüind_UplifL/1,44 + P, 1.6*P_F41)
Wind_Uplift/I44 : MIN(Vùind_UpIift/I44, 1.6*P_F41 - P)
Vüind_Uplift : MIN (Ialind_Uplift, (l-.6*P_F41 - P) * L44)

: MIN (0, -4L9.5354 )

= -419.5354 ]-bf/flu^2
Vfind Uplift set Lo zero sj-nce cannot be negative.

hR = Height of Roof
: R - SQRTIR^2 - (OD/2)^21
: 10 - SQRT[I}^2 - (L0/2)^2]
: 1.331 fr

Company - Y08-125
4/27/201,1 10:10:07 AM

t ins : Thickness of Roof Insulation
:0fr

Ap_Vert : Vertical Projected Area of Roof
: Pr*([R + t ins]^2) (A]pha/360) - oD*(
: pr* (I0^2) (59.9499/360) - 10*(10 - 1.
: 8.9'712 fl^2

Page 2L of 33

Horizontal Projected Area of Roof (Per API-650 5.2.L.f)

Xw Moment Arm of UPLIFT wind force on roof
0.5*oD
0.5*10
5ft
Projected Area of roof for wind rnoment
PI *R^2
Pr * 5^2
18.54 ft^2
úIindMoment:0ft-]bf

Ap

Mw

W : Net weight (PER API-650 5.11.3)
(Force due to corroded weight of shel-l- and
shell-supported roof plates less
40Y" of F.I.2 Uplift force. )

lR + t insl - hR)/2
33L) /2
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: ür shefl + W roof - 0.4*P* (PL/A) (L44) (OD^2)
: 2,520 + 656 - 3* (Pr/4) (144) (\0^2)
: -10' 396 lbf

NOTE: There j-s net uplift on the tank.

RESTSTANCE TO OVERTURNTNG (per API-650 5.]-]-.2)

An unanchored Tank must meet these two criteria:
1) 0.6*Mw + MPi < MDL/1.5
2) Mw + 0.4MPi < (MDL + MF)/2

Mw : Destabilizing Wind Moment : 0 ft-l-bf

MPi: Destabilizing Moment about the Shell-to-Bottom Joint from Design <<

Pressure.
: P* (PI*OD^2/4) * (144)* (OD/2)
: 3* (3. 1416*10^2/ 4) * 1!44) * (5)
: 169,646 ft-]bf

MDL : Stabilizing Moment about the Shel-I-to-Bottom Joint from the ShelÌ and <<

Roof weight supported by the Shell.
(I¡l shel-l + FÍ roof )*OD/2
(2,520 + 656)*5

: l-5,880 ft-l-bf

tb : Bottom Pl-ate thickness l-ess C.A. : 0.1-875 in.

wl : Circumferential- loading of contents along SheIl-To-Bottom .loint.
: 4.67*tb*SeRT(Sy btm*H liq)
: 4. 67*0. 1875*SQRT (30, 000*10)
: 4'79.6 rbf/ft

wl:0.9 * H 1iq * OD (lesser value than above)
: 9.9*19*Jg
: 90 rbf/ft

MF = Stabilizing Moment due to Bottom Pl-ate and Liquid Vfeight.
: (OD/2) *r4¡f *PI*OD
: (s) (90) (3.1416) (10)
: ]-4,137 ft-lbf

Criteria 1

0.6*(0) + 169,646 < 15,880/1.5
Since 169,646 >: 10,58J, Tank must be anchored.

Criteria 2
0 + 0.4 * t69,646 < (t-5,880 + ]-4,737)/2
Since 6'1,858 >: 15,009, Tank must be anchored.

RESISTANCE TO SLIDING (per API-650 5.11.4)

Fwind:vF*18*As
:0*18*100
: 0 r_bf

Imperial Steel tank
TANK REPORT: Printed -

Company - Y08-125
4/27 /20LI 10:10:07 AM
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F friction : Maximu¡n of 408 of [,rleight of Tank
: 0. 4 * (hI Roof Corroded + Í¡l She1l Corroded *

W Btm Corroded + W min Liquid): o'4 : Í:gt.-rî'szo 
+ 674 7 o)-

No anchorage needed to resist sl-iding since

Ffriction>Fwind

<Anchorage Requirement)
Anchorage required since Criteria 1-, Criteria 2, or Sliding
are NOT acceptable.
Bolt Spacing : 10 ft, Min # Anchor Bolts : 6

Imperial Steel tank Company -
TANK REPORT: Printed - 4/27/20II

Y08-125
10:10:07 AM
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SETSMTC MOMBNT (API-650 APPENDTX E E API-620 APPENDIX L)

Ms (Seismic Moment)
Ms : Z*J* (C1*Ws*Xs + C1*Wr*Ht + C1*I¡11*X1 + C2*W2*X2)

Z -- 0.075 Zone coefficient for zone 1 (from Table E-2)
I :1 ImportanceFactor
S : 1.5 Site amplification factor (from Table E-3)

C1 : 0. 6 : Lateral earthquake force coefficient

k : 0.59 (factor for D/H: 1 from figure E-4)

T : Natura] Period of First Sl-oshing Mode
: k*sQRT(OD) : 0.59*SQRT(10) : 1.866

C2 : Lateral Earthquake Force Coefficient
: 0.75(S)/r : .75(L.5)/(1.866) : 0.6029

From Figures E-2 & E-3
X1 H : X1lH chart factor
X2 H : X2/H charL factor
W1 Wt : W1lWt chart factor
W2 Wt : w2/wE chart factor
I¡it : Weight of tank contents G Max. Liquid Level-

X1 : (X1 H) 'kH = (0 .4044 ) *10 : 4 .0444
X2: (X2 H)*H = (0.'724)*10:7.2405
W1 = (Wl vrt)*Wt: (0.81-32)*67,665 = 55,024
W2 : (vl2 Wt ) *Wt : (0 .245) * 67 , 665 : 16, 57I
I¡trs : W shel-I + I¡ü Insulation (New Condition)

:2,520+0:2,520
Wr : V{ roof + Snow Load + W Insulation (New Condition)

:656+1,t634+0:2t290

C1*!fs*Xs : 0.6* (2,520) (5) -- 7,560
Cl-*Wr*Ht : 0 . 6* (2,290 ) (10 ) -- L3,7 40
CL*I¡f 1*x1 : 0. 6* (55,024) (4 .0444 ) : 133' 523
C2*w2*X2 : (0.6029) (16,578) (7.2405) : 72,369

Ms : Z*I* (C1*IVs*Xs + C1*Wr*Ht + C1*W1*X1 + C2*W2*X2)
: (0.075) (I) (7,560 + 13,'740 + 133,523 + '72,369)
: 17 t 039 ft-Ibf

VrI shell : Weight of Shell- (New Condition)
W roof2 : Weight of Roof Plates Supported By Shell (New)

wt: (W shefl + I¡tr roof2)/(PI*OD) (New Condition)
(2,520 + 656)/ (Pr*10)

: 101. rbf/ft

RESISTANCE TO OVERTURNING (per Section E.4.1, 8.4.2,
assuming no anchors)

wl = 7.9* (tb1) *SQRT (Sy*G*H)
:'7 .g* (0. 1875) *SQRT (36, 000*1. 39*10)
: 1,048 Lbr/ft

where tb1: t - CA:0.1875 in. (for Bottom Plate)

Imperial Steel tank Company - Y08-125
TANK REPORT: Printed - 4/2'7/2011 10:10:07 AM
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1.25*G*H*OD = 1.25(1.39) (l-0) (10)
: !'74 Lbf /ft

since w] > 1.25*G*H*OD, wI : 1.25G*H*OD
wl : 174 Ibf /f.t

UNANCHORED TANKS (SecIion E.5.1)

Ms/lOD^2(wt+wl-)l : t'7,039/1Q,0^2) (101. + l-74)l : 0.6L94

Imperial Steel tank Company -
TANK REPORT: Printed - 4/2'l/2OLI

: r^¡t + 1,.273(Ms)/oD^2: max longitudinal- compressive force
:101. + l_.2'73(17,039) /(10)^2:3L8 Lbf/fE

MAXIMUM ALLOWABLE SHELL COMPRESSION (Section E.5.3)

b/ (72L) : Max Longitudinal- Compressive Stress
: 31.8/ (r2* (0.1875 - 0)) : 141 PSr

c*H*OD^2/t^2 : (1.39) (l_0) (I0^2) / (0.18'75 - 0)^2 : 39,538

Fa = 10^6r,L/ (2.5*OD) + 600*SQRT (c*H)
(10^6) (0.187s - 0)/ (2.s*10) + (600)soRrt(1.39) (r-0)l

: 9 t'7 31 PSI

ANCHORED TANKS (Section 8.5.2)

b : wt + 1,.2'73 (Ms)/oD^2 = Max Longitudinal Compressive Force
: 101. + 1.273(17,039) / (t0)^2 = 3I8 l-bf /ft

MAXIMUM ALLOWABLE SHELL COMPRESSION (Section E.5.3)

b/ (L2t) : Max Longitudinal compressive Stress
:318/(I2*(0.1_875 - 0)) : 141 PSr

c*H*OD^2/L^2 : (1.39) (10) (I0^2) / (0.18'75 - 0)^2 : 39,538

Fa : 10^6*E/ (2.5*OD) + 600*SQRT(c*H)
(10^6)(0.187s - 0)/ (2.5*10) + (600)SQRrt(1.39)(10)l

= 9' 737 PSI

t :0.1875 - 0:0.1875 in. (OK since b/(I2L) <: Fa)

ANCHORAGE OF TANKS (Section 8.6.1)

N : I Number of Anchors
D : 10.3333 ft Diameter of Anchor Circl-e

Net Upllft = Net uplift due to internal- pressure

MAR : minimum anchorage resistance due to seismic moment
: 1.2'73(Ms) /oD^2 + Net_UpIift/Circumference
: I.213 (17,039) /L0^2 + 30,753/(PI*10)
: I,796 l-bf/fL circumference

btseis : anchor tension reqtd to resist seismic moment
: MAR*D*PII (N)

(r,196) (10.3333) (pr) / (8) : 4,853 lbf

:0.1875 - 0:0.1875 in. (OK since b/(72t) <: Fa)

Y08-125
10:10:07 AM
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ANCHOR BOLT DESIGN

Bolt Material- : A-l-93 Gr 87
sY : 105,000 Psr

< Uplift Load Cases, per API-650 Table 5-2Ib >

D (tank OD) : 10 ft
P (design pressure) : 83.14 INCHES H2O
Pt (test pressure per F.7.6) :1.25 * P: l-03.93 INCHES H2O
Pf (failure pressure per F.6) : N.A. (see Uplift Case 3 below)
t h (roof plate thickness) : 0.1875 in.
Mw (Wind Moment) : 0 ft-]bf
Mrw (Seismic Ringwall Moment) : ]-7,039 ft-lbf
vü1 (Dead Load of Shell minus C.A. and Any

Dead Load minus C.A. other than Roof
Plate Acting on Shell)

W2 (Dead Load of Shell- minus C.A. and Any
Dead Load minus C.A. including Roof
Pl-ate minus C.A. Acting on Shell)

W3 (Dead Load of New Shell and Any
Dead Load other than Roof
Pl-ate Acting on Shel-I)

For Tank with Sel-f Supported Roof,
I^f1 : Corroded Shel-] + She1l Insulation

: 2,520 + 0
: 2,520 Lbf

W2 : Coxroded Shel-] + Shell Insulation + Corroded
Roof Plates * Roof Dead Load

: 2,520 + 0
+ 656 + l_l_,'762 * 8.0325/1,44

: 3'832 lbf
Vrt3 : New Shell + Shell Tnsulation

: 2,520 + 0

= 2,520 LbL

Uplift Case 1: Desì-gn Pressure OnJ-y
U: t(P - 8*t h) * Dn2 * 4.081 - V01

U: t(83.14 - 8*0.1875) * 10^2 * 4.081 - 2,520
: 30,789 lbf

bt : U / l¡: 3,849 l-bf

Tmperial Steef tank Company -
TANK REPORT: Printed - 4/2'7/2011,

Y0 8-12 5
l-0: 10: 07 AM
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Sd:
As
e_"_

15,000 PSr
r : Bolt Root Area Reqtd
r = btlSd

: 3,849/1-5,000 : 0.251 in^2

UpJ-ift Case 2: Test Pressure Only
U: [(Pt - 8*t h) * Dn2 * 4.08] - W1

U: t(103.93 - 8*0.1875) * ]-0^2 * 4.08J - 2,520
: 39,27L Lbf

bt: U / l¡: 4,909 l-bf
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Sd:
A_s_
A_s_

20,000 PSr
r : Bolt Root Area Req'd
r : btlSd

: 4,909/20,000 : 0.245 in^2

Uplift Case 3: Failure Pressure OnIy
Not applicabfe since if there is a knuckl-e on tank roof,
or tank roof is not frangibl-e.
Pf (failure pressure per F.6) : N.A.

Uplift Case 4: Wind Load OnJ-y
PWR : Wind_Uplift/ 5.208

: 0/5.208
: 0 IN. H2O

PWS:vF*18
: 0 * 18
: 0 Ibf/ft^2

MVifH : PV,f S* (D+t. ins/ 6) *H^2 / 2
: 0* (1,0+0/6)*I0^2/2
: 0 fr-]bf

U: PWR * Dn2 * 4.08 + [4 * MWH/D] - W2

= 0*10^2*4. 08+ l4*0 /701 -3, 832
- -3,832 rbf

br:u/N:-4't9rbf

Imperial Steel tank Company -
TANK REPORT: Printed - 4/2'7/2011,

sd:
A_s_
A_s_

0.8 * 105,000 : 84,000 PSI
r : Bolt Root Area Req'd
r: N.4., since Load per Bol-t is zero.

Up1ift Case 5: Seismic Load Only
U : [4 * Mrw / D] - W2* (1-0.4*Av)
u: [4 * I'7,039 / 1,0] - 3,832* (1-0.4*0)

: 2,984 Ibf
br:u/l¡:373 lbf

Y08-125
10:10:07 AM

Sd:
A_S_
As

0.8 * 105,000 -- 84,000 Psr
r : Bolt Root Area Reqrd
r : btlSd

: 3'73/84,000 : 0.004 in^2

UpJ-ift Case 6: Design Pressure + Wind Load
u: [(0.4*p + pt4tR - 8*t h) * Dn2 * 4.08] + [4 * MWH / D] - W1

[ (0.4*83.14+0-8*0.1875)*I0^2 * 4.08]+[4*0 / I0] - 2,520
: 10' 436 lbf

bt:U/n:1,305]bf

Paqe 21 of 33

Sd:
A_s_
A_s_

20,000 : 20,000 PSI
r : Bol-t Root Area Reqrd
r : btlSd

: I,305/20,000 : 0.065 in^2

Uplift Case 7: Design Pressure + Seismic Load
U : [ (0.4*P - 8*t h) *D^2 * 4.08] + [ *Mrw/Dl - I^11* (1-0.4*Av)
U : [ (0. 4*83. 14-8*0. 1875) *70^2* 4. 08] + l4*I'7, 039 / I0l -2, 520* (1-0. 4*0 )

-- 11 ,252 Lbf
bt : U / l¡ : 2,1,5'7 Lbf
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Sd:
As
e_"_

Uplift Case 8: Frangibility Pressure
Not applicable since if there is a knuckl-e on tank roof,
or tank roof is not frangible.
Pf (failure pressure per F.6) = N.A.

< ANCHOR BOLT SUMMARY >

BoLt Root Area Reqrd : 0.25'l in^2

d:BoltDiameter:1in.
n : Threads per inch : 8

A s = Actual Boft Root Area
= 0.7854 * (d _ I.3 / n)^2
= 0.7854 * (1 _ L.3 / 8)^2
= 0.5509 in^2

Exclusive of Corrosion,
Bolt Diameter Reqrd : 0.702 in. (per ANSI B1 .l-)

Actual Bolt Diameter : 1.000 in.

Bolt Diameter Meets Requirements.

<ANCHORAGE REQU]REMENTS>

Minimum # Anchor Bolts : 6
NOTE: API-620 has no minimum spacing requirement, but

per API-650 5.L2.3, maximum spacing is 10 ft if anchorage required.

Actual # Anchor Bolts : I
Anchorage Meets Spacing Requirements.

0.8 * 105,000 :84,000 PSI
r : Bolt Root Area Reqtd
r : btlSd

: 2,75'7 /84'000 : 0.026 in^2

Imperial Steel- tank
TANK REPORT: Printed -

Company - Y08-125
4/27 /201,1. 10 : 10: 07 AM
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CAPACITIES and WEIGHTS

Maxi-mum Capacity (to upper TL)
Design Capacity (to Max Liquid Level)
Minimum Capacity (to Min Liquid Level)
NetI¡Iorking Capacity (Design - Min. )

Shell
Roof Plates
Bottom
Stiffeners
Nozzle hlgt
Misc Roof l,rlgt
Misc Shell Wgt
f nsul-ation

Imperial Steel- tank Company -
TANK REPORT: Printed - 4/2'l/20]-7

Total 3,850 lbf

Weight of Tank, Empty :

Vleight of Tank, Ful-l of Product ( SG:1 . 3 9 ) :

Weight of Tank, Full of Water :

Net Working Capacity :

Foundation Area Req'd :

Foundation Loading, Empty :

Foundation Loading, FuJ-l of Product (SG:1.39) :
Foundation T,oading, FuI1 of Water :

SURFACE AREAS
Roof 82 ft^2
Shell- 3I4 fl^2
Bottom 79 fL^z

$iind Moment 0 ft-Lbf
Seismic Moment 1,'7 t039 ft-Ibf

MISCELLANEOUS ATTACHED ROOF ITEMS

MTSCELLANEOUS ATTACHED SHELL ITEMS

New Condition

2,520 rbf
656 lbf
6'7 4 rbf

0 r-bf
0 lbf
0 rbf
0 lbf
0 lbf

Y08-125
10:10:20 AM

I7,5I4 gal.
29,1,95 gal-

0 gal
29,i.95 gal-

Corroded

2,520 rbl
656 lbf
67 4 rbr.

0 lbf
0 lbf
0 lbf
0 r-bf
0 lbf

Page 32 of 33

3,850 rbf

3,850 lbf
'7].,577 rbf

52,575 rbf
5,839 gal

79 ft^2

48 .13 Ibf / r.t^2
906.04 tbf/ft^2

665.5r Lbf/ft^2
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MAT¡IP & MAWV SUMMARY FOR YO8-125

MAXIMUM CALCULATED INTERNAL PRESSURE

MAWP = l-5 PSI or 4l-5.7 IN. H2O (per API-620)

MAWP : Maximum Calculated Internal- Pressure (due to shell-)
: 15 PSr or 415.7 IN. H2O

MAV'IP : Maximum Calculated Internal Pressure (due to roof)
(Roof af so Per F.l-.3 and F.7 .5. c)

= 15 PSI or 415.7 IN. H2O

TANK MAÌíP = 15 PSI or 415.7 rN. H2O

MAXIMUM CALCULATED EXTERNAL PRESSURE

MA!ÍV = Maximum Calculated External Pressure (due to shefl)
: -1.8721- PSI or -51.88 IN. H2O

MAWV = Maximum Calculated External Pressure (due to roof)
: -4.549 PSI or -t26.07 IN. H2O

MAV{V = Maximum Calculated Externa] Pressure (due to bottom plate)
= -0.248 PSI or -6.87 IN. H2O

TANK MAWV = -0.248 PSI or -6.87 IN. HzO

Tmperial Steel tank Company -
TANK REPORT: Prínted - 4/27/20It

Y08-125
10:10:20 AM
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rev. 04-28-11LAPD Tank Support Calcs
These calculations are for the LAPD tank support platform.  

The LAPD tank is a flat bottom atmospheric tank built to API 620 standards. The
tank is designed for the tank bottom to be supported. 

Argon Data at 84K Saturation Temperature

Argon physical properties from NIST REPROP

argon liquid density

ρArL 1385
kg

m3
:= ρArL 86.46

lb

ft3
=

LAPD Tank Dimensions and data

D 10 ft:= H 10 ft:=

Tankvol 6506 gal:= This volume is for liquid full, which includes the domed top.
ref: Midwest Steel Fabricators, drawing Y08-125.

Tankvol 24.63 m3=

Weight of argon for liquid full

Argonwt Tankvol ρArL:= Argonwt 34110kg= Argonwt 75199 lb=

Tank wall data - 7 gage stainless plate

The tank walls and top are
fabricated from 7 ga. 304 SS.Platewt 7.88

lb

ft2
:= Platewt 38.47

kg

m2
=

Plateth 0.1793 in:=
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Area of tank metal

Metal area for side, bottom and
top of tank.AreaSS 2π D

2






 H π D
2







2
+ 1.3 π D

2






2
+:=

AreaSS 494.80 ft2= AreaSS 45.97 m2=

Weight of tank metal

A generous 1000 lb allowance is used to cover nozzles, nozzle extensions and
instruments attached to the tank.

Tankwt AreaSS Platewt 1000 lb+:= Tankwt 4899 lb= Tankwt 2222 kg=

Trymer 2000 Density Insulation thickness

Insul2000dens 33 kg

m3
:= Insul2000thk 5 2 in 0.75 in+:= Insul2000thk 10.75 in=

ref: Trymer 2000, Form T2000XP1-041210, ITW Insulation Systems,
      and Insulation and Tank Support Drawing ME466366

Estimate of Insulation Volumes 
    Used to determine insul. weight attached to tank

Vinsul.side π
D 2Insul2000thk+

2









2

 H π D
2







2
 H-:= Vinsul.side 8.68m3=

Vinsul.top π
D 2Insul2000thk+

2









2

 Insul2000thk:= Vinsul.top 2.77 m3=

Insulwt Insul2000dens Vinsul.side Vinsul.top+( ) 378kg=:=
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Check of Tank Load on Plywood

The platform has to hold the maximum weight of a liquid full insulated argon tank.
A generous 500 lb allowance is used to cover mastic and plywood.

Total Tank Weight on platform

Totaltk.wt Tankwt Insulwt+ Argonwt+ 500 lb+:=

Totaltk.wt 36937kg= Totaltk.wt 81431 lb=

Platform Load per unit area from tank

Platformloading
Totaltk.wt g

π D
2







2


:=

Platformloading 49.6 kPa= Platformloading 7.20 psi=

The first layer on the platform is 3/4" plywood sheeting

Plywood Allowable Compression Perpendicular to face 
    (adjusted for load duration in excess of 10 years)

The plywood is 3/4" sheathing, APA rated exposure 1 or 2 of Grade Stress Level 3
or better. 

This is for S3, face grade 2, per APA -
The Engineered Wood Association.
Adjusted per APA Plywood Design
Specification (1997) paragraph 3.3.1.2.

Plywoodcomp 90% 1100 psi:=

Plywoodcomp 6826 kPa=

The tank load is less than the plywood allowable compression stress. 
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Check of Tank Load on Trymer 6000 under plywood

Plywoodloading
Totaltk.wt g

π D
2







2


:=

Plywoodloading 49.64 kPa= Plywoodloading 7.20 psi=

Trymer 6000, rigid insulation is the layer below the plywood.

Trymer 6000 Compression Strength Perpendicular to face

Trymer6000comp 140 psi:= Trymer6000comp 20160
lbf

ft2
=

ref: Trymer 6000, Form T600001-0209,
ITW Insulation Systems. Trymer6000comp 965 kPa=

Plywoodloading

Trymer6000comp
5.14 %=

The tank load distributed through the plywood is less than 6% of the Trymer 6000
compression stress. 
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Load Distribution between railcar and cribbing

More than half the tank rests on the railcar.  These calculations determine what
that distribution is based on the tank support detail in drawing
3942.000-ME-466366. 

R D
2

:=

hy

R

a



h R 96 in
2

17.75 in-





- 2.48 ft=:=

a 2 h 2 R h-( ):=

Segmentarea R2 acos R h-
R







 R h-( ) 2 R h h2--:=

ref: 
http://mathworld.wolfram.com/CircularSegment.htmlSegmentarea 1.41 m2=

cribbingshare
Segmentarea

π D
2







2


19.32 %=:=

railcarshare 1 cribbingshare- 80.68 %=:=
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Check of Tank Load on Platform Under Trymer 6000

Trymer 6000 Density Insulation thickness

Insul6000dens 96 kg

m3
:= Insul6000thk 3 3 in:= Insul6000thk 9 in=

Weight of Trymer 6000 base
An allowance of 8" all around is provided to cover trymer 6000 platform which is
wider than the tank with wall insulation.

base6000wt π
D 2Insul2000thk+ 2 8 in+

2









2

 Insul6000thk Insul6000dens:=

base6000wt 275.85kg=

A 500 lb allowance is included to cover the weight of bolting, mastic, etc

Load carried by Railcar

railload Totaltk.wt base6000wt+ 500 lb+( ) railcarshare:=

railload 30206 kg= railload 66592 lb=

This rail load is further distributed over 2 railcars with a 1.5" steel plate spanning
the railcars.  These railcars were originally designed to carry electro-magnets.  The
combined carrying capacity of 2 of these railcars is in excess of 150,000 pounds per
Jim Kilmer.  For comparison, the 2 wheel assemblies from a typical boxcar carry
minimum of 70 tons.  
(ref: http://www.worldtraderef.com/WTR_site/Rail_Cars/Guide_to_Rail_Cars.asp)

The rail load is less than the railcar capacity.
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Check of Cribbing Under Trymer 6000

Load carried by Cribbing

A 500 lb allowance is included to cover the weight of bolting, mastic, etc

cribload Totaltk.wt base6000wt+ 500 lb+( )cribbingshare:=

cribload 7234 kg= cribload 15947 lb=

Plastic Lumber Allowable Compression Perpendicular to face
    (utility grade plastic lumber)

Plasticlumber.comp 1420 psi:= Plasticlumber.comp 9790555 Pa=

ref: Plastic Lumber Engineering Properties, Plastic Lumber Yard, 
http://plastic lumberyard.com/electricaldata.htm (accessed 09/16/10)

The first length of plastic lumber is assumed to be 12" from rail car steel plate.

plasticlumber.L 2 h 12 in+( ) 2 R h 12 in+( )- := plasticlumber.L 9.53 ft=

plasticlumber.A plasticlumber.L 5.5 in 4.37 ft2=:=

The first section of plastic
lumber can handle the load.
The additional sections just
further reduce the load per unit
area.

plasticlumber.loading
cribload g

plasticlumber.A
175 kPa=:=

plasticlumber.loading 25.36 psi=

Gaps between the plastic lumber and the trymer base are bridged with 2x4
construction lumber and plywood sheeting.
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Dry Pine Lumber Allowable Compression Perpendicular to face
  (adjusted for greater than 10 year load duration)

ref:Wood Handbook - Wood as an
Engineering Material, Forest Products
Laboratory, 2010, General Technical
Report FPL-GTR-190.

pinecomp 90% 3000 kPa 392 psi=:=

Plywoodcomp 6826 kPa= The actual loading is less than the pine
lumber and plywood compression capacity,
even if only one length of support is used.

Minimum number of cross lumber support members

Cross members of plastic lumber are used in the cribbing.

A single cross member provides
3.5"x3.5" of area, 11.9 sq in.
Additional cross members just
further reduce the distributed load. 

Mincross.A
cribload g

Plasticlumber.comp
11.2 in2=:=

The first long section of plastic lumber and wood lumber have compressive strength
in excess of the loading from the tank. There are actually several more rows of
cribbing support, which further reduce the distributed load.
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Check of Cribbing support span 

The trymer 6000 tank base will experience some deflection over the open spans
between cribbing supports.  The deflection is estimated by treating the open span
of trymer 6000 as a simple beam with uniform load distribution. The plywood
sandwiching the trymer 6000 is ignored. The maximum span determines the number
of cribbing support rows.

Spacing between Cribbing supports - open span

spanL 12 in:= MAX.

Trymer moment of inertia - at longest open span

I
spanL Insul6000thk

3

12
0.03516 ft4=:=

Total load on open Span of Trymer 6000

W Plywoodloading spanL h 25207.3m s 2.0- lb=:=

Trymer 6000 flexural modulus (modulus of elasticity)

E 5800
lb

in2
:=

Δb
5

384

W spanL
3

E I
 0.1341m s 2- in=:= ref: Machinery's Handbook, 28th

ed,pages, 236 and 258.

The trymer 6000 deflection is minimal, even at a 12 inch span length.  The actual
span length will be less than 12 inches.

Minimum # of cribbing rows under trymer 6000
  (using 90% of max span to provide additional safety margin)

mincrib.rows
h

90 % spanL
2.8=:= A minimum of 3 cribbing support rows will be

used under the trymer 6000
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rev. 05-02-11LAPD Tank Anchor Bolt Calc's
These calculations are for the LAPD tank anchor bolts.

The tank uplift value comes from the vendor calculations.  The vendor basic uplift
check calculations identify that a minimum of 6 anchors are needed.  The tank
vendor designed the tank with 8 anchor points. 

Anchor Points

There are 8 anchor points that will be held down by 3/4"-10 threaded SS rod.
ref: Insulation and Tank Support Drawing ME466366

Nanchors 8:=

Anchor Bolt Data

Boltyield.str 10020 lbf:= for 3/4"-10 304 or 316 SS rod
ref: Bolt Supply House, Rod Data. 

Areatensile 0.334 in2:=

Net Uplift due to Design Pressure on Empty Tank

Netuplift 30753 lbf:= ref: Midwest Imperial Steel Calculations, p 21 of
33 (vendor page number).

Load Per Anchor Bolt (from uplift)

Loadper.bolt
Netuplift

Nanchors
3844.1 lbf=:=

This is the anchor tension required to resist
seismic moment, per the vendor calculations.  The
seismic moment is the larger load.  

loadseismic 4853 lbf:=

loadseismic

Boltyield.str
48.4 %= Bolt load is less than 50% of its yield strength.
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Bolt Stress

For comparison, this is less than the
15,000 psi allowable anchor bolt
stress per API 650 table 5.21b.

Boltstress
loadseismic

Areatensile
14529.9 psi=:=

Two of the anchor points are anchored to the floor using 3/4" Hilti HDI drop-in
anchors.

The following notes are for these two anchor points.

Hilti Anchor maximum Tension

HILTIult.tension 14125 lbf:= ref:HILTI HDI drop-in anchor technical guide, section
4.3.8, page 362.

The Hilti maximum tension value is interpolated from the Hilti data for concrete
having 3500 psi compressive stress.  This is the conservative value recommended
by Tom Lackowski of FESS for the PC4 concrete floor.

loadseismic

HILTIult.tension
34.4 %= Hilti anchor load is less than 35% of its ultimate

strength.
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June 6, 2011 
Mechanical Analysis of LAr Tank Pressure Test 

 
Bob Wands 

 
Introduction and Summary 
 
The LAr tank will be tested at an internal pressure of 3.75 psi. Because the bottom plate is very 
thin, it will tend to push downward against the vessel insulation and the asymmetric rail 
car/cribbing support on which the vessel rests, while simultaneously reacting this force by 
pulling upward on the combination of rail car and concrete to which it is bolted. The purpose of 
this analysis is to determine the likely mechanical behavior of the vessel/insulation/supports, and 
identify any aspects which require remediation.  
 
The results show that the outer edges of the rail cars to which the tank is bolted may, if not 
constrained, rise approximately 5 inches during the test. This displacement imposes unacceptable 
strains on the insulation. To reduce this deformation, it is recommended that the outer corners of 
the cars be anchored to the concrete floor. Analysis suggests that this solution requires an anchor 
system capable of resisting approximately 2200 lbs of force, and results in a large reduction in 
tank and insulation deformations. 
 
The actual installation does not provide access to the corners of both rail cars. One car must be 
constrained approximately 34 inches from the corner. The force developed in this constraint is 
estimated at 3500 lbs.  
 
A simple system of 1x6 in steel plates, welded to the platform column flanges, is proposed as a 
means of providing rail car constraints. 
 
The FE Model 
 
The finite element model is shown in Fig. 1. The tank and rail cars are steel with an elastic 
modulus of 29e6 psi; the insulation under the tank is Trymer 3000 XP polyisocyanurate foamed 
plastic with an elastic modulus of 1200 psi and a maximum compressive strength of 65 psi (see 
Appendix I). The insulation is split into three layers horizontally. Within a given layer, several 
individual blocks are used. The precise modeling of the individual blocks was not attempted, 
though the three layers were included.  
 
The tank is supported on two rail cars which cover about 75% of the bottom area, and wooden 
cribbing that covers the remainder. The rail cars are simulated as a 1.5 inch steel plate resting on 
two steel rails. The tank bolts to the rail cars in six locations, and in two locations, anchors 
directly to the concrete floor. 
 
In establishing symmetry boundary conditions, the rail car boundary, and the insulation boundary 
were not included, since these boundaries correspond to discontinuities (cuts in the insulation, 
and the physical edge of the rail car) and cannot contribute to the model stiffness as continuous 
structures could.   
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these surfaces constrained 
against vertical motion (wood 
cribbing under part of tank not 
supported by rail car is not 
included) 

Figure 1. FE model for tank/railcar simulation 

¾ in bolt in concrete (Hilti anchor 
working strength 3500 lbs) 

3.75 psi on tank 
bottom and sides 
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The model allows the rail car plate, each layer of insulation, and the tank bottom to separate from 
any surfaces that they are initially in contact with.  
 
The pressure load of 3.75 psi is applied to the bottom of the tank, and the inside surface of the 
cylindrical shell. The shell is truncated, so it is necessary to include the equilibrating vertical 
pressure force from the missing tank portion by applying a vertical force at the cylindrical shell 
cut. The weight of the rail car and insulation is not included in the model, as a conservatism, 
though the tank weight (appr. 2400 lbs) is reflected by reducing the equilibrating vertical force.  
 
 
Results 
 
The model was first run with no external constraint on the outer corners of the rail car. The 
resulting deformations are shown in Figs. 2 and 3. The unconstrained rail car plate lifts entirely 
off one of the “rails,” reacting in its final position with the end of the other rail, the stack of 
insulation and wood not supported by the rail car, and the bolt which is anchored to the concrete 
floor.  
 
Maximum vertical deflections are over five inches at the rail car corner, and the resulting force 
on the concrete anchor bolt is about 2000 lbs.  
 
The model was then modified to include a constraint at the outer corner of the rail car. The 
resulting deformations are shown in Figs. 4 and 5. The rail car plate remains in contact with both 
rails, and overall deflections are substantially reduced.  
 
The force required to constrain the corner of the rail car is 2200 lbs.  
 
Stresses in the tank and support assembly, and compressive stresses in the insulation under the 
tank bottom, are shown in Figs. 6 and 7, respectively. The stresses in the tank bottom are low; 
the stresses in the cylindrical shell are highest near the cut boundary, which was not simulated 
with the intent of accurate stress determination (the shell extends several feet further vertically), 
but in any case do not exceed 13 ksi. The insulation stresses are a maximum of -17 psi, which is 
less than the Trymer’s maximum compressive stress in that direction of -65 psi. 
 
While constraining the corner will work on one rail car, the constraint for the other car can be 
applied no closer than about 34 inches from the corner. Figs. 8 and 9 show the vertical 
deformation of all components, and the vertical deformation of the tank bottom only. 
Deformations are somewhat higher than those obtained with corner constraints. 
 
The resulting force to constrain this rail car at this location is 3500 lbs.  
 
Constraining the rail car increases the force on the ¾ in bolts in the concrete. The maximum 
occurs for the case of constraint 34 in. from the corner, and is 3400 lbs, which is below the 
allowable force of 3500 lbs. 
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Figure 2. Vertical Deformation – no constraint on railcar 

Stresses in the tank and support assembly, and compressive stresses in the insulation, are shown 
in Figs. 10 and 11. Tank stresses are somewhat higher than for the corner constraint case, and 
insulation compressive stress rises slightly. But both stresses are within the limits of the 
materials.  
 
The model was originally intended to be truly symmetric. However, when the inability to reach 
one corner of a car was discovered, and the need to perform another analysis with a constraint 34 
inches from the corner became clear, the symmetry (now false) was retained for expedience. A 
subsequent modification to a full model showed no significant difference in the constraint force 
values obtained from the two “symmetric” models.  

version 9.2.11 - page 85



5 
 

 

Figure 4. Vertical Deformation – Railcar constrained at corner 

Figure 3. Vertical deformation of tank bottom – no constraint on railcar 
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Figure 5. Vertical deformation of tank bottom – railcar constrained at corner 

Figure 6. Stresses in assembly – railcar constrained at corner 
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Figure 7. Compressive stresses in insulation – railcar constrained at corner 
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Figure 8. Vertical Deformation – Railcar constrained 34 inches from corner 

Figure 9. Vertical Deformation of bottom plate – Railcar constrained 34 inches 
from corner 
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Figure 10. Stresses in assembly – Railcar constrained 34 inches from corner 

Figure 11. Compressive stresses in insulation – Railcar constrained 34 inches 
from corner 
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Structure to Constrain the Rail Cars 
 
The concrete strength of the floor is uncertain, and there are several seams near the rail car 
corners and edges. For this reason, it was decided to provide the constraint with a structure which 
welds to the flanges of the existing W8x24 platform columns.  
 
A source of concern when placing the vertical reaction on the columns is the quality of the four 
5/8 in Hilti concrete anchors which fix the base of a column to the floor. For the rail car 
constrained at the corner, the corresponding column has Hiltis which provide the necessary edge 
distance (distance from seams) to develop their full strength. The maximum operating load on 
these anchors is 2680 lbs (derated from the catalog load for 4000 psi concrete to correspond to 
3500 psi concrete).  
 
For the rail car requiring support 34 inches from the corner, the corresponding column has two 
Hilti anchors (those nearest the cart) which are within 4 inches of a concrete seam. Hilti derates 
the capacity at a 5 inch edge distance by a factor of 0.8. No derating is given for less than 5 
inches. For the purposes of this analysis, it is assumed that working loads of 1000 lbs per anchor 
are admissible. The final design of the support, however, should actually allow failure of the two 
weak Hiltis, while not overloading the two remaining.  
 
The support for the rail car constrained at the corner is shown in Fig. 12. It is a single 1x6 plate, 
welded on one side to each flange of the column. The maximum concrete anchor load is 2540 
lbs, which is less than the maximum working load of 2680 lbs.  
 
The support for the rail car constrained 34 inches from the corner is shown in Fig. 13. Again, 1x6 
in plate is used, but in this case two plates are welded to each side of the column, but only to the 
flange furthest from the cart. The plates extend 26 inches beyond the flange, and interact with the 
floor. If all anchors remain active, the weak Hiltis are under a load of 560 lbs, while the full-
strength Hiltis are under a load of 1740 lbs. If the weak anchors fail, the load on the full-strength 
Hiltis increases to 2300 lbs, which is still below the maximum operating load of 2680 lbs.  
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railcar corner reaction – 2200 lbs 

maximum Hilti reaction = 2540 lbs 

Figure 12. Single 1x6 support for rail car corner constraint 

welds to both column flanges 
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1750 lbs  

1750 lbs  

1300 lbs  

1300 lbs  
1740 lbs (both sides) 

560 lbs (both sides) 

Figure 13. Double 1x6 support for railcar constraint 34 inches from corner 

welds to flange furthest from railcar 
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Additional Rail Car Constraints 
 
The maximum calculated vertical deformation of the tank bottom plate when the two outer 
corners of the railcars are constrained is approximately 0.37 in (see Fig. 9). To reduce the 
deformation further, the remaining accessible corner of each car was also constrained.  
 
To simulate this condition, a full model was created. The resulting bottom plate deformations 
from this model are shown in Fig. 14. They have been reduced by a factor of approximately four. 
  
For the railcar with two constraints at the corners, the new corner constraint develops a reaction 
of 1300 lbs. For the car constrained 34 inches from the corner, the new corner constraint 
develops a reaction of 1600 lbs. The original corner constraint reactions fall substantially, from 
3500 lbs to 2500 lbs for the constraint 34 inches from the corner, and from 2200 lbs to 1800 lbs 
for the car constrained at the corner. This is additional safety margin on the original constraints 
(those attached to the columns).   
 
The additional constraints use a vertical load path from the corner down to the concrete (see 
Figs. 15). The vertical members are attached to the concrete with a ¾ in Hilti with a maximum 
working load 3500 lbs. This is much greater than the maximum load of 1600 lbs which the most 
heavily loaded of these additional constraints may see.  

Figure 14. Vertical Deformation of bottom plate – two additional rail 
car constraints at corners 
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additional corner constraint – 1600 lbs reaction 

additional corner constraint – 1300 lbs reaction 

Figure 15. Additional corner constraints on the rail cars 
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3152 lbs 3244 lbs 

3345 lbs 

3315 lbs 

3060 lbs 3580 lbs 

2950 lbs 

3580 lbs 

390 lbs 

1220 lbs 1220 lbs 

390 lbs 2032 lbs 163 lbs 

-450 lbs -1190 lbs 

Figure 16: Reactions at threaded tie downs 

1640 lbs 
1290 lbs 
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Appendix I. Insulation Properties 
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August 26, 2010 
 

LAR Tank Torospherical Head Under Relief Valve Loading 
 

Bob Wands 
 

Introduction and Summary 
 
A relief valve weighing 350 lbs is attached to a 10 inch nozzle in the LAR tank torospherical 
head. The effect of this weight on the head stress and stability was examined to determine 
whether an independent support for the valve would be necessary. 
 
The analysis, based on ASME Section VIII procedures, indicates that, if the torospherical head is 
under an external pressure of 0.2 psi, the maximum force which could be supported by the nozzle 
in question is 1575 lbs.  
 
Geometry 

Fig. 1 shows the vessel, head, and loaded nozzle.  

The head thickness is 0.1875 inches. The nozzle thickness is 0.12 inches. 

Material Properties 

The torospherical head, tank, and nozzle are made of SA-240 SS304 stainless steel, with a 
Young's modulus at room temperature of 28.3e6 psi. 

Allowable Stresses and Buckling Design Factor 

The ASME Code, Section VIII, Div. 1 maximum allowable primary membrane stress for SA-240 
SS304 stainless steel is 20 ksi. 

From the ASME Code, Section VIII, Div. 2, Part 5, the required buckling design factor for a 
linear elastic buckling analysis of a spherical shell is 16.2.  

Finite Element Model 

The finite element model is shown in Fig. 2. It consists of  approximately 15000 4-node shell 
elements, with a total of approximately 15000 nodes. Because the several nozzles in the head are 
widely separated, only the nozzle in question, and the large central penetration, were included in 
the model.  
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Two load cases were run: 

1. Linear buckling - this analysis procedure requires two runs. The first is a prestress run at some 
arbitrary value of the applied loads. The second is the linear buckling run itself. This run uses the 
prestressed condition of the first run, and outputs a "load multiplier." This is the factor applied to 
all the loads of the preceding prestress analysis to produce buckling. For this analysis, a pressure 
equal to 16.2 times the actual external pressure was applied in the prestress run, and the force on 
the nozzle increased slowly until the buckling run produced a load factor of 1. 

2. Stress - for this load case, the loads were put in at their operational loads of 0.2 psi external 
pressure, and 350 lbs of nozzle force. The resulting maximum stress at the nozzle was then 
compared to the allowable stress of 20 ksi for primary membrane stress, and the maximum 
nozzle load inferred by scaling.  

Results 

The lowest buckling mode shape for the head and nozzle is shown in Fig. 3.  

The maximum force required to produce a load multiplier of 1 when the pressure has already 
been multiplied by the buckling design factor of 16.2 is 25530 lbs. If the pressure and load are 
both divided by the buckling design factor, the maximum allowable external pressure becomes 
the design external pressure of 0.2 psi, and the maximum allowable force on the nozzle becomes 
1575 lbs.  

The stresses in the region of the nozzle are shown in Fig. 4. The maximum stress is 2860 psi. 
Classifying this stress as primary membrane, with an allowable value of 20 ksi, is very 
conservative; the stress is more properly classified as primary local membrane plus bending, with 
an allowable value of 30 ksi. Scaling the 350 lbs relief valve weight by the factor 20000/2860 
gives a maximum allowable relief valve weight of 2400 lbs.  

The maximum allowable nozzle load is governed by buckling, and is 1575 lbs. The 350 lb actual 
weight is a factor of 4.5 lower than this.  

It can be concluded that the the nozzle and head can safely support the relief valve. 
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Figure 1. Tank Head and Nozzle Geometry 

nozzle for loading 
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Figure 2. Solid Model (top) and Finite Element Mesh 
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Figure 3. Mode Shape of Model when Buckled by Nozzle Load 

Figure 4. Stress at Nozzle under Operational Loads 
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May 9, 2011 

The External Pressure Rating of the LAr Tank 

Bob Wands 

Introduction and Summary 

A commercially manufactured liquid argon vessel was delivered with calculations from the 
vendor based on API procedures. These calculations have been found to contain errors. The 0.2 
psi external pressure rating for the vessel has been called into question.  

The purpose of this analysis is to apply ASME Div. 1 design procedures to the vessel to 
determine its external MAWP. In addition, a 3-d FEA is performed from which an ASME Div. 2, 
Part 5 analysis of the primary and secondary stresses can be performed. 

It is shown that the Div. 1 calculations justify an external MAWP of 0.23 psi, determined by the 
thickness of the circular bottom head. The Div. 2 calculations would allow this pressure to reach 
0.33 psi, based on the primary membrane plus bending stress in the head near the hold-down 
brackets.  

All other components have substantially larger external pressure ratings. 

Geometry 

A solid model was provided based on the vessel drawings. According to the drawings, the 
minimum thickness of all shells and heads is 7 gauge, which is 3/16 in, or 0.1875 in. This 
thickness is consistent with that used in the solid model, but may not be as large as the thickness 
in the actual vessel. No credit is taken for any thickness above 0.1875 inches.  

Material Properties and Allowable Stress 

Vessel drawings state that the material is SA-240 304 stainless steel. From the ASME Code, 
Section II, Part D, Table 1a, the minimum specified yield and ultimate stresses for this material 
are 30 ksi and 70 ksi, respectively. When used in a Div. 1 vessel, Table 1a specifies a maximum 
allowable stress (when operated at 100 F or below) of 20 ksi. 

However, the maximum allowable stress applied in this analysis is limited to 18750 psi, based on 
the API standard.  

Sizing of Components for External Pressure 

The primary vessel components are the flanged and dished torospherical head, cylindrical shell, 
and flat circular bottom plate. The external pressure ratings for each of these components can be 
determined by Div. 1 calculations.  
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External MAWP of Torospherical Head 

The external MAWP of the torospherical head can be determined by the procedures of Div. 1, 
UG-33, “Formed Heads, Pressure on Convex Side.” The procedure has three steps. First, a factor 
“A” is established, based on the geometry of the head.  

A = 0.125/(Ro/t) 

where  Ro = outside radius of crown portion of head = 120 in 
 t = thickness of head = 0.1875 in 
 
Substituting gives A = 0.000195 
 
Next, this factor allows entry into the charts of Section II, Part D for the specific material, from 
which a factor B is found. From Fig. HA-1 (the chart for austenitic steel, 18Cr-8Ni, Type 304), B 
= 2750.  

As the last step, the factor B is used to determine the MAWP from  

Pa = B/(Ro/t) 

Substituting gives Pa = 4 psi.  

Therefore, the MAWP of the torospherical head is 4 psi based on Div. 1 requirements.  

External MAWP of Cylindrical Shell 

The external MAWP of the cylindrical shell can be determined by the procedures of Div. 1, UG-
28, “Thickness of Shells and Tubes Under External Pressure.” This procedure is similar to that 
used for the torospherical head.  

First, a factor A is established. This is done by calculating the ratios L/D, and D/t, where 

L = length of shell = 120 in 
D = outside diameter of shell = 120 in 
t = thickness of shell = 0.1875 in 
 
Therefore, L/D = 1, and D/t = 640. Entering Fig. G of Part II with these values gives A = 
0.00008.  
 
Next, the factor  B is determined by entering Fig. HA-1 with the calculated value of A. This 
gives B = 1167.  

 
Finally, the factor B is used to determine the MAWP from 
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Pa = 4B/3(Do/t) 

Substituting gives Pa = 2.4 psi. 

 

External MAWP of Flat Circular Bottom Plate 

The flat circular bottom plate does not collapse in the same sense that a curve shell collapses. 
The calculations for MAWP are stress-based, as opposed to stability-based, and typically apply 
to pressure on either side of the head. However, the design of the tank bolts its bottom 
circumference to a stiff foundation under the plate, essentially forcing the edge and center of the 
plate to remain in the same plane under internal pressure, and making it impossible for the plate 
to deflect significantly.  

For external pressure, with substantial liquid in the vessel, the plate is also inhibited from 
deflecting inward, since doing so would require displacing the fluid upward. However, in 
practice, the tank could experience an external pressure with no liquid inventory present. 
Therefore, the head must be sized for this case.  

The procedures of  UG-34, “Unstayed Flat Heads and Covers,” are applied. These procedures 
require a factor “C” which is determined by the method of attachment of the head to the shell.  

The weld detail at this joint is taken from Drawing YO8-125-1 and reproduced below.  

 

 

 

 

 

 

 

The weld of Fig. 1 is shown explicitly in the Code as UG-34(f) (see Fig. 2). For a weld of this 
type, the text of UG-34(d) reads “C = 0.33m but not less than 0.20 for circular plates, welded to 
the inside of a vessel, and otherwise meeting the requirements for the respective types of welded 
vessels.” Therefore, since the bottom plate is circular, a C = 0.2 is justified. 

Figure 1. Weld between LAr tank cylindrical shell and flat head 
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From UG-34(C)(2), the minimum required thickness of an unstayed flat head is found from 

t = d*sqrt(CP/SE) 

where  P = pressure = 0.2 psi 
 C = factor = 0.2 
 S = maximum allowable stress = 18750 psi 
 E = efficiency of welds in head = 1 (no welds in head) 
 
Substituting gives t = 0.175 inches. This is slightly less than the available 0.1875 in. actual 
thickness.  
 
Adjusting the pressure until t = 0.1875 gives P = 0.23 psi.  
 
Therefore, if the actual bottom plate thickness is 0.1875 in, then the external MAWP of the 
bottom head, by Div. 1 rules, is 0.23 psi.  
 

Figure 2. Weld details from Fig. UG-34. Fig. UG-34(f) is 
identical to LAr vessel weld 
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External MAWP under Div. 2, Part 5 Rules 
 
A finite element half-model of the vessel was created to calculate the stresses necessary to 
evaluate the MAWP of the bottom plate. This model, and its constraints, are shown in Fig. 3. 
 
The analysis was run two ways: First, as a small-displacement problem in which the deflection of 
the bottom plate was determined entirely by its bending stiffness, and second, as a large-
displacement problem in which the deflection was also affected by the diaphragm (membrane) 
stresses in the bottom plate. The large displacement analysis represents the most realistic 
simulation of the vessel bottom plate region under external loads. 

The results for displacement of the bottom plate for both analyses are shown in Figs. 4 and 5. 
The small displacement analysis, which cannot consider the in-plane diaphragm stresses, has a 
maximum displacement of 2.3 in. The large displacement analysis has a maximum displacement 
of only 0.67 in. 

The results for von Mises stress are shown in Fig. 6 and 7. The stress is significantly lower for 
the large displacement solution.  

Although the large displacement analysis most closely simulates actual behavior, the Div. 2, Part 
5 rules can be applied to the small displacement analysis only. This is primarily because stress 
and load are not linearly related in the large displacement analysis, and pressures which would 
cause the stresses to reach their limits could also involve buckling modes of the cylindrical shell, 
which the stress limits do not address.   
 
To apply Div. 2, Part 5 rules, stress classification lines (SCLs) must be defined through the 
relevant sections in the structure. The stresses along these lines are linearized to produce 
membrane and bending components. The linearized stresses are compared to the allowables for 
the appropriate stress category. 
 
Three SCLs were established in the bottom plate/cylindrical shell region. These are shown in 
Fig. 8. The first (A-B) is through the thickness at the center of the plate, and represents a region 
of primary membrane and bending stresses. The second (C-D) is in the cylindrical shell just 
above the weld at the shell/plate junction, and represents a region of primary local membrane and 
secondary stress. The third (E-F) is through the bottom plate in the region of a hold down 
bracket, and represents a region of primary membrane and bending stresses.  
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circular edge constrained in all degrees 
of freedom on hold-down bracket  
(4 places on half-model) 

two elements through 
thickness at SCL locations 

Figure 3. The FE model used for Div. 2, Part 5 Calculations 

Model contains 850 k elements, 1400 k 
nodes. Elements are second-order 
tetrahedra and hexahedra 
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Figure 4. Deflections of Bottom Plate – small deflection analysis 

Figure 5. Deflections of Bottom Plate – large deflection analysis 
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Figure 6. Stress – small displacement analysis 

Figure 7. Stress – large displacement analysis 
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Figure 8. Stress classification lines (SCLs) in bottom plate/shell 

C D 

• SCL 1 (A-B) is through center of bottom plate 
• SCL2 (C-D) is through cylindrical shell just above weld 
• SCL3 (E-F) is through bottom plate at most highly 

stressed section near hold down bracket 
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The allowable stresses for the membrane and combined membrane and bending stresses from the 
SCLs are detailed in Div. 2, Part 5, 5.2.2.2 – 5.2.2.4. Specifically, if Sa = 18750 psi, then 

• Primary membrane stress is limited to Sa 
• Primary membrane plus primary bending is limited to 1.5Sa.  
• Primary local membrane stress is limited to 1.5Sa.  
• Primary local membrane plus secondary bending is limited to 3Sa. 

 
Table I summarizes stresses across the SCLs for the small deflection analysis, as well as the 
allowable stresses, and the inferred MAWP.  
 

 

 

Table II summarizes the external pressure ratings of all components under Div 1 rules. The 
external pressure rating of the bottom plate per Div. 2, Part 5 rules is also included.

 
 

Model 
SCL Membrane 

stress – psi 

Bending + 
bending stress 

– psi 

Stress 
classification 

Membrane 
allowable 
stress - psi 

Membrane 
+ bending 
allowable 

stress 

MAWP - 
psi 

A-B 150 10229 
primary 

membrane 
plus bending 

18750 28125 0.55 

C-D 422 10588 

primary local 
membrane + 

secondary 
bending 

28125 56250 1.05 small 
deflections 

E-F 1622 16950 
primary 

membrane 
plus bending 

18750 28125 0.33 

Table I. Results for ASME Section VIII, Div. 2, Part 5 Stress 
analysis of bottom plate/cylindrical shell  
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Conclusions 
 
The tank shell and heads were evaluated according to the rules of the ASME Code, Section VIII,, 
and it was found that the external MAWP of the LAr tank is limited by the thickness of the 
bottom plate, and is 0.23 psi (per Div.1) or 0.33 psi (per Div. 2).  
 
The most conservative conclusion is that the external pressure on the tank should be limited in 
operation to 0.23 psi. Testing pressure can be raised to the appropriate level (0.23 x 1.25 = 0.28 
psi for a pneumatic pressure test) without concern.  
 
 

 

 

Component 
External MAWP - psi 

torospherical head 4 

cylindrical shell 2.4 

bottom plate (Div. 1) 0.23 

bottom plate (Div. 2) 0.33 

Table II. Summary of External Pressure Ratings of LAr 
Tank Components per ASME Code 
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Relief Valve Sizing for the LAPD Tank 
 
Several scenarios are considered for both internal and external tank pressurization.  At the end of 
this section the cases are summarized in a table and compared to the main tank relief valve 
capacities.     
 
Fire case 
 
The LAPD tank is located in PC4.  PC4 was originally an experimental hall but is now a storage 
area.  The floor of the enclosure is concrete and the walls are bare metal such that the building 
itself does not contribute significant combustible material in the vicinity of the cryogenic tank.  
Items in storage do include combustible materials such as wooden crates, cardboard, and signal 
cables.  There is no hydrocarbon storage in PC4.  A fire engulfing the entire LAPD cryogenic tank 
is not credible.   
 
Fermilab Sr. Fire Strategist & Researcher Jim Priest flame tested the three key LAPD tank 
insulating materials.  Jim tested an assembly of the mastic vapor barrier, the foam, and the 
fiberglass. The insulation was tested with several flame intensities and exposure times starting 
with 10 sec on and 15 sec off and then up to 1 minute plus flame exposures.  The materials did 
not burn in the presence of the >1700 oF propane flame except for the mastic vapor barrier.   The 
mastic vapor barrier burned when exposed to intense flame and then self extinguished within 20 
seconds when the flame was removed.  Video of the flame testing is available here: 
 
http://lartpc-docdb.fnal.gov:8080/cgi-bin/ShowDocument?docid=514 
 
If material such as a wooden storage crate near the tank burns, the tank insulation will stay intact 
and limit the heat input.  
 
API 2000 (sixth edition), Venting Atmospheric and Low-Pressure Storage Tanks was chosen as 
the standard for sizing the LAPD relief valve for fire.  The scope of API 2000 includes above 
ground and underground refrigerated storage tanks designed for operation at pressures from 
vacuum through 15 psig (The LAPD tank MAWP is 3 psig).  API 620, the standard used to 
fabricate the tank, suggests using API 2000 for relief valve sizing.  Both CGA S-1.3 and API 520 
state that their scope is for MAWPs exceeding 15 psig.   API 2000 is very similar to API 520.   
 
The heat input due to fire in the API standards is based upon actual tests of a tank in a pool of 
gasoline.  The gasoline was continuously replenished and the tests were done on calm days or 
with wind barriers to get the highest heat load.  This heat input would only be possible in a 
refinery or a facility with large amounts of flammable fluids present.  Although this type of severe 
fire is not possible in PC4, the following analysis shows that the LAPD tank relief valve is 
adequate for the heat input of a refinery type fire if insulation credit is taken.   
 
Engineering judgment suggests that it is reasonable to take the insulation credit based upon the 
following.  The previously mentioned testing shows that the insulation survives exposure to a 
1700 oF flame.  In addition, the Fermilab Fire Department will be summoned in the event of 
smoke.  Their typical response time is on the order of a few minutes.  Each shift of firefighters will 
be walked thru prior to filling the tank with liquid argon to familiarize them with the area and to 
train them not to damage the tank insulation with high pressure water.   
 
API 2000 section 5.2.1.4 addresses the fire condition for refrigerated tanks.  Section 5.2.1.4 
suggests using section 4.3.3 which contains the requirements for emergency venting capacity of 
non-refrigerated tanks subject to fire exposure.    
 
Section 4.3.3 offers the following equation for the required venting capacity, q, expressed in units 
of standard cubic feet per hour of air: 
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€ 

q = 3.091QF
L

T
M
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 
0.5

where  

 
Q = the heat input from fire exposure as given by Table 4, expressed in British thermal units 

per hour. 
 
F = the environmental factor from Table 9 (credit may be taken for only one environmental 

factor). 
 
L = the latent heat of vaporization of the stored liquid at the relieving pressure and 

temperature, expressed in British thermal units per pound, 72.48 Btu/lb for for argon 
relieving at 18 psia (14.7 psia + 1.1 x 3.0 psi = 18 psia). 

 
T =  the absolute temperature of the relieving vapor, expressed in degrees Rankine, 160.7 oR 

for argon relieving at 18 psia.  
 
M =  is the relative molecular mass of the vapour, 39.948 for argon. 
 
Note to reviewer:  API 2000 uses commas to denote the decimal point and a space as the 
thousands separator.  Thus one tenth is represented as 0,1 in API 2000 and one thousand is 
represented as 1 000.  This documentation does NOT follow that convention.   
 
To determine the heat input from Table 4, the tank wetted surface area, ATWS, is required.  The 
LAPD tank has a diameter D of 10 feet and the cylindrical sides have a height H of 10 feet.  For 
the fire condition its assumed that the tank bottom and sides are wetted such that the wetted 
surface area is   
 

€ 

ATWS =
π
4
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ ×D2 + π ×D×H =

π
4
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ ×102 + π ×10 ×10 = 393 ft 2 . 

 
From Table 4 for wetted surface areas >= 200 and < 1,000 ft2, the heat input Q is calculated from 
the following equation 
 

€ 

Q =199,300 ATWS
0.566( ). 

 
Thus for the LAPD tank the fire heat input is  
 

€ 

Q =199,300 3930.566( ) = 5.86 ×106 Btu
hr

. 

 
The environmental factor F is explained in Table 9.  It is based upon the thermal conductance of 
the insulation and a temperature differential of 1,600 oF when using a heat input value of 21,000 
Btu / (hr x ft2).  Thus if the tank has 1 inch thick insulation with a conductance of 4 BTU x in / (hr x 
ft2 x oF) the F factor is derived in the following manner:   

€ 

ʹ′ ʹ′ q =
kΔT

L
= 4 Btu × in

hr × ft 2×oF
×

1 
1 in

×1600 oF = 6,400 Btu
hr × ft 2

F =
6,400 Btu

hr × ft 2

21,000 Btu
hr × ft 2

= 0.3
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Such that a 1 inch thick piece of hypothetical insulation reduces the heat input to three tenths of 
the bare tank heat input value.  For clarity the F factor associated with a 4 inch thick piece of 
insulation is also computed.   
 

€ 

ʹ′ ʹ′ q =
kΔT

L
= 4 Btu × in

hr × ft 2×oF
×

1 
4 in

×1600 oF =1,600 Btu
hr × ft 2

F =
1,600 Btu

hr × ft 2

21,000 Btu
hr × ft 2

= 0.075.
 

 
The 4 inch thick piece of insulation reduces the heat input to 0.075 of the bare tank value.   
 
The F factor can be computed directly from the insulation conductance U in the following manner 
 

€ 

F = 0.075 ×U Btu × in
hr × ft 2×oF

F = 4 Btu × in
hr × ft 2×oF

×
1

1 in
× 0.075 = 0.3.

 

 
FNAL drawing #466366 shows the tank insulation scheme.  The sides of the tank are covered 
with 10 inches of fiberglass and 1 inch of polyurethane modified polyisocyanurate cellular plastic 
foam.  The tank also sits on 9 inches of this foam.  The following table summarizes the tank 
insulation. 
 

Tank 
location Insulation Thickness 

inches 
Thermal 

conductivity at 75 oF 
Btu x in / (hr x ft2 x oF) 

Thermal conductivity 
at 300 oF 

Btu x in / (hr x ft2 x oF) 

Side Owens Corning 
702 Fiberglass 10 0.23 0.41 

Side ITW Trymer 2000 
XP 0.75 0.19 n/a 

Bottom ITW Trymer 3000 
XP 9 0.19 n/a 

 
 
For simplicity the three types of insulation are modeled as one type of insulation 9 inches thick 
with a conductivity of 0.41 Btu x in/(hr x ft2 x oF) covering all wetted surfaces.   In the event of a 
fire the thermal conductivity of the tank insulation would vary strongly as a function of temperature.  
Barron’s Cryogenic Systems lists the apparent thermal conductivity of fiberglass as 0.168 Btu x in 
/ (hr x ft2 x oF) when used between boundary temperatures of 300 K and 90 K.  Owens Corning 
lists the conductivity of similar fiberglass insulation as 0.54 Btu x in / (hr x ft2 x oF) at 500 oF.  Thus 
the 0.41 Btu x in / (hr x ft2 x oF) seems like a reasonable thermal conductivity estimate to use for 
the fire case.   
 
The insulation’s effective conductivity is  
 

 

€ 

U = 0.41 Btu× in
hr × ft 2×oF

×
1
9 in.

= 0.046 Btu
hr × ft 2×oF

. 
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The corresponding F factor is then 
 

€ 

F = 0.075 × 0.046 Btu
hr × ft 2×oF

= 0.00345 . 

 
The required venting capacity is found to be 
 

€ 

q = 3.0915.86 ×10
6 × 0.00345
72.48

160.7
39.948
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 
0.5

=1,729 SCFHAir = 29 SCFMAIR . 

 
Liquid pump maximum flow 
 
If operational procedures are ignored, it would be possible for the liquid pump to push liquid thru 
warm piping and return vapor to the tank which then must be relieved.  The worst case is to 
assume that the maximum liquid flow that can be produced by the pump must be relieved at room 
temperature by the tank relief valve.     
 
The pump maximum flow is 12.5 GPM which is an argon mass flow of 
 

€ 

12.5 gal
min

×
1 ft 3

7.48 gal
×
60min
1 hr

×
87 lb

ft 3
= 8,723 lb

hr
. 

 
Equation D.37 from API 2000 section D.9 allows conversion of this argon mass flow to an 
equivalent air flow: 
 

€ 

qair =
x
Mair

W fl
Mair

Tair
Ti
M

 

 
where 
 
x =  379.46 SCF / lb x mol 
 
Mair = 29 
 
Wfl =  8,723 lb/hr 
 
Tair = 519.67 oR 
 
Ti =  519.67 oR 
 
M =  39.948 for argon 
 

€ 

qair =
379.46
29

8,723 29
519.67

519.67
39.948

= 97,249 SCFHAIR =1,620 SCFMAIR . 

 
 
Ambient heat leak 
 
LarTPC docdb document 475 estimates the tank heat leak as 2,103 W (7,175 Btu/hr). 
 
http://lartpc-docdb.fnal.gov:8080/cgi-bin/ShowDocument?docid=475 
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Using the API 2000 relief valve sizing equation this heat input is equivalent to a free air flow of  
 

€ 

q = 3.091 7,175
72.48

160.7
39.948
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 
0.5

= 614 SCFHAir =10 SCFMAIR  . 

 
Compromised insulation 
 
The worst case ambient heat leak scenario is to saturate the insulation with ice.  This is an 
unlikely scenario because the condenser cannot support the development of such a heat load.  
The preceding linked document describing the ambient heat leak estimates the tank surface area 
as 501.6 ft2.  Barron’s Cryogenic Heat Transfer book estimates the thermal conductivity of ice as 
1.09 Btu / (hr x ft x oF).  If we assume a 9 inch thick block of ice surrounding the tank the heat 
leak delivered to the liquid argon would be 
 

€ 

q =
kAΔT
L

=1.09 Btu
hr × ft×oF

× 501.6 ft 2 × 32
oF −−303oF
0.75 ft

= 244,212 Btu
hr

. 

 
Using the API 2000 relief valve sizing equation 12 this heat input is equivalent to a free air flow of  
 
 

€ 

q = 3.091244,212
72.48

160.7
39.948
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 
0.5

= 20,889 SCFHAir = 348 SCFMAIR . 

 
Tank shell heaters 
 
The tank has 12 pairs of heaters spaced evenly around the circumference of the cylindrical shell.  
These heaters are on the outside of the tank and are under the insulation.  Each pair has a 
maximum power of 50 W for a total of 600 W or 2,047 Btu/hr.   
 
Using the API 2000 relief valve sizing equation 12 this heat input is equivalent to a free air flow of  
 
 

€ 

q = 3.0912,047
72.48

160.7
39.948
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 
0.5

=175 SCFHAir = 3 SCFMAIR . 

 
Condenser 
 
The liquid nitrogen powered condenser can create a vacuum inside the LAPD tank.  The following 
linked document estimates the condenser power as 8,440 W or 28,798 Btu/hr. 
 
http://lartpc-docdb.fnal.gov:8080/cgi-
bin/RetrieveFile?docid=477&version=2&filename=argon%20overpres%20time%20estimate.pdf 
 
Dividing the available heat rejection by the latent heat and density of argon gas saturated at the 
tank MAWP results in the following volumetric rate at which argon vapor is condensed into liquid.   
 

€ 

28,798 Btu
hr

×
lb

72.48 Btu
×
1 hr
60 min

×
ft 3

0.4363 lb
=15.2 ft 3

min
. 
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This volumetric flow of cold argon gas must be replaced by a flow of cold air.  Multiplying the flow 
rate by the density of air at the tank conditions (18 psia, 160.7 oR) and then dividing by the 
density of air at standard conditions yields the required flow of free air into the tank.   
 

€ 

15.2 ft 3

min
× 0.3024 lb

ft 3
×

ft 3

0.07635lb
= 60 SCFMAIR . 

 
The author notes that boiling and condensation heat transfer correlations can result in 
considerable error even when applied correctly to real world applications.  The relief valve has 
capacity in excess of 10 times the calculated requirement.   
 
Liquid pump 
 
If the liquid pump is used to empty the tank a vacuum could be created.  The liquid volume 
discharged at the pump’s maximum rate of 12.5 GPM must be replaced by ambient air at a rate 
of:    
 

€ 

12.5 gal
min

×
1 ft 3

7.48 gal
=1.67 ft 3

min
 

 
As in the previous case the flow of cold argon gas is converted to a flow of air at the standard 
condition: 
 

€ 

1.67 ft 3

min
× 0.3024 lb

ft 3
×

ft 3

0.07635lb
= 7 SCFMAIR . 

 
 
Severed Pipe 
 
The largest liquid connection to the tank is a 2 inch SCH 10 pipe.  If this pipe was severed a 
vacuum could be created in the tank vapor space. 
 
From Crane Technical Paper 410 (2009 printing) equation 6-27 can be used for the discharge of 
fluid: 
 

€ 

Q = 235.6d2 ΔP
Kρ

 

 
Q =  rate of flow in GPM 
 
d = internal diameter of the pipe, 2.157 inches. 
 
ΔP = Available pressure drop, psi.  The maximum liquid height in the tank is 10 feet such that 

the head available is 87 lb/ft3 x 10 ft x 1 ft2/144 in2 = 6.04 psi.  The maximum vapor 
pressure in the tank is 3 psig.  Thus the total pressure available at the tank bottom 
relative to atmosphere is 9.04 psid.   

 
ρ = density, 87 lb/ft3 for liquid argon. 
 
K =  resistance coefficient, unit less.  From Crane 410 page A-30 K = 0.78 for an inward 

projecting pipe entrance and K = 1.0 for a pipe exit.   
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Thus the volumetric flow out of the tank due to a severed pipe that would have to be made up by 
air supplied thru the vacuum relief would be 
 

 

€ 

Q = 235.6 2.157( )2 9.04
0.78 +1( )87

= 265 GPM = 35.4 ft 3

min
. 

 
This cold argon vapor flow is equivalent to a free air flow of 
 

€ 

35.4 ft 3

min
× 0.3024 lb

ft 3
×

ft 3

0.07635lb
=140 SCFMAIR . 

 
 
Bellows pumps 
 
There is one bellows pump that communicates with the tank (a Senior Aerospace MB-602).  
Depending upon the state of valving the pump could pressurize or evacuate the tank.  The 
pump’s maximum flow is 6 SCFM at 0 psig such that 6 SCFM is used as the maximum 
pressurization and evacuation rate.     
 
Vacuum pumps 
 
Several vacuum pumps will be available for evacuation of the argon process piping.  If a mistake 
is made, these pumps could attempt to pull vacuum on the tank.  Two Anest Iwata ISP-500C oil-
free scroll vacuum pumps (21.2 CFM) were purchased for this purpose along with 3 smaller 
Anest Iwata ISP-90C pumps (3.8 CFM).  If all five pumps attempted to evacuate the tank, the 
required vacuum relief would need to replace up to 54 CFM of cold argon vapor which converts to 
a free air equivalent of  
 

€ 

54 ft 3

min
× 0.3024 lb

ft 3
×

ft 3

0.07635lb
= 214 SCFMAIR  . 

 
  
Atmospheric Pressure Changes 
 
API 2000 section 5.2.1.2 addresses atmospheric pressure changes.  If the pressure in the tank is 
equal to the maximum operating pressure, a drop in atmospheric pressure can cause 
overpressure from the expansion of vapor in the enclosed vapor space, VAG, and vapor evolved 
from the overheat of the liquid, VAL.  The flow rate due to vapor expansion VAG, expressed in 
cubic meters per hour under the actual conditions of the pressure and temperature of the 
enclosed vapor space, can be calculated using  
 

€ 

VAG =
Vtk

p
⋅
dpatm
dt

 where 

 
Vtk =  24.6 m3, maximum gaseous capacity of the empty tank, based upon the 

manufacturers fabrication drawing which states a volume of 6,506 gallons.  This 
is a conservative value when liquid is in the tank as the vapor space will be a 
small fraction of the total volume.    

 
p = 128,932 Pa, absolute pressure corresponding to the tank MAWP (14.7 psia + 3 

psig). 
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€ 

dpatm
dt

=  2,000 Pa/hr, rate of variation of atmospheric pressure suggested by API 2000 for 

both rising and falling barometric pressure. 
 

€ 

VAG =
24.6m3

128,932Pa
×
2000Pa
hr

= 0.4 m
3

hr
. 

 
 
The flow rate due to the de-superheating of the liquid, VAL, is estimated using the methods given 
in 5.2.1.3 for the calculation of the fractional proportion of the liquid, Xgas, that vaporizes 
instantaneously.   
 

€ 

Xgas =1− exp
Cp ⋅ T2 −T1( )

L
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥  where 

 
Cp =  1,215 J / kg-K, specific heat capacity of liquid argon saturated at the tank MAWP. 
 
T2 = 88.940 K, boiling point of the liquid argon in the tank after the atmospheric pressure 

reduction.  This is based on a pressure reduction of 2,000 Pa in one hour.   
 
T1 =  89.103 K, boiling point of the liquid argon in the tank saturated at the tank MAWP prior to 

the atmospheric pressure drop. 
 
L = 168,742 J/kg, latent heat of vaporization of liquid argon saturated at the tank MAWP. 
 

€ 

Xgas =1− exp
1,215 ⋅ 89.103− 88.940( )

168,742
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ = 0.001173 . 

 
The volume of gas created by the pressure reduction of 2,000 Pa in one hour is then  
 
 
 

€ 

VAL = Xgas × density of LAr × volume of LAr ×GAr specific volume =

0.001173×1401 kg
m3 × 22.2 m3 × 0.1543m3

kg
= 5.63m3  

 
The total flow rate VA due to a reduction in atmospheric pressure is then  
 

€ 

VA =VAG +VAL = 0.4 m
3

hr
+ 5.6m

3

hr
= 6.0m

3

hr
. 

 
This is equivalent to a mass flow rate of  
 
 

€ 

6.0m
3

hr
× 6.881 kg

m3 = 41.3 kg
hr

= 91 lb
hr

. 

 
Which then converts to a free air flow (equation D.37) of  
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€ 

qair =
379.46
29

91 29
519.67

519.67
39.948

=1,014 SCFHAIR =17 SCFMAIR . 

 
Thus for the largest expected fall in atmospheric pressure the tank will relieve at a rate of 17 
SCFMair.  For a rise in atmospheric pressure the liquid in the tank will not flash such that only the 
dP/dt fraction is relevant which is about 1 SCFMair. 
 
Warm Gas Supply 
 
For filter regeneration, contamination injection, and bleed up of evacuated spaces both argon and 
nitrogen compressed gas will be available.  All sources of gas will have a pressure regulator at 
their source.  By far the regulator with the largest flow capacity is the Matheson 3201 regulating 
the premix regeneration gas.  Ignoring all the other system restrictions, it can deliver up to 150 
SCFMair.   
 
Tank filling 
 
The LAPD tank must be filled following a procedure to ensure vessel safety.  The LAPD liquid 
argon supply tanker will have its liquid pump locked out and this will be verified by a Fermilab 
engineer.  Thus the fill rate of the tank will be governed by the vapor pressure in the supply tanker 
and the liquid head due to the elevation change between the supply tanker and the tank.  The 
liquid head of the supply tanker with respect to the tank will be about 28 feet.  The following 
calculation estimates the differential pressure across the fill line that results in a flow that matches 
the relief valve capacity.  The fill line is assumed to be single phase liquid argon flow.  This is 
conservative because ambient heat input and flashing due to pressure reduction will introduce 
vapor into the liquid flow which will reduce the mass flow rate.  The calculation also assumes that 
liquid argon is introduced into a warm and empty tank such that the tank vents room temperature 
argon vapor.  The 1st segment of the fill line is 1 inch Type K foam insulated copper.  The 2nd 
segment would normally involve flow thru the filter vessels and related 1 inch sch 10 stainless 
steel purification piping.  However it is possible to flow backwards thru the pump and into the 
vessel thru the pump suction piping – which is a lower resistance path to the tank.  For this path 
the resistance of the pump itself and the resistance of the 2 inch sch 10 pump suction piping is 
ignored – only the resistance of the  inch sch 10 portion is considered.   
 
In a following section the as installed capacity of the relief valve is calculated to be 4,377 SCFM 
(262,620 SCFH) of air.  Equation D.37 from API 2000 section D.9 allows conversion of this air 
mass flow to an equivalent argon flow: 
 

€ 

Wfl =
qairMair

x Mair

Tair
Ti
M

 

 
where 
 
qair =  As installed relief capacity, 262,620 SCFH of air.   
 
x =  379.46 SCF / lb x mol 
 
Mair = 29 
 
Wfl =  mass flow of argon in lb/hr 
 
Tair = 519.67 oR 
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Ti =  519.67 oR 
 
M =  39.948 for argon 
 

€ 

Wfl =
262,620 × 29

379.46 29
519.67

519.67
39.948

= 23,554 lb
hr

.   

 
 
Thus the as installed relief valve capacity is 23,554 lb/hr of argon.   
 
The pressure drop in the liquid argon fill line is calculated using the methods of Crane 410.  The 1 
inch type K copper portion (ID = 0.995 inches) of the fill line contains 778 inches of straight 
length.  In addition to the straight length a 36” long 1” diameter corrugated braided flex hose 
connects the copper to the stainless steel purification piping.  Several corrugated hose vendors 
suggest that pressure drop in corrugated hose is roughly 3 times that of equivalent straight piping.  
Thus 108 inches of straight length was added to represent the flex hose for a total length of 886 
inches or 73.83 ft.  The one inch type K copper also contains 3 elbows and one Cryolab ES4 
manual valve with a Cv of 15.2     
 
The 1 inch sch 10 (ID = 1.097 inches) stainless steel piping from the type K copper connection to 
the pump discharge contains 498 inches of straight length.  This includes multiplying the length of 
the numerous corrugated braided flexible hoses by 3 to account for the increased pressure drop 
in corrugated hose.  The piping also contains fourteen 90 degree changes in flow direction which 
are a combination of elbows and tees for this path.  All fourteen are represented as elbows.  This 
is conservative for this calculation because elbows are less restrictive than flow thru the branch of 
a tee.  The 1 inch sch 10 stainless piping also contains one Eden Cryogenics globe valve with a 
Cv of 18 and one Eden Cryogenics Y pattern valve with a Cv of 27.   
 
The total resistance of the piping is represented by: 
 

€ 

K410_fill_Cu =  num_elbows_ fill _Cu × K_ elbow_fill_Cu +  K_ fill_Cu_pipe +  K_pipe_exit  +  K_ valve_cryolab   +  K_ valve_eden_Y  
+ 2 × K_ valve_eden_globe  +  K410_SS_to_Cu
 
where 
 

€ 

num_elbows_ fill _Cu  = number of elbows in the type K copper, 3.   
 
The resistance of one type K copper elbow is represented by  
 

€ 

K_ elbow_fill_Cu = 20 × fT _ fill _Cu  
 
where the turbulent fiction factor 

€ 

fT _ fill _Cu = 0.02281 for the 0.995 inch internal diameter type K 
tubing. 
 
The resistance of the straight copper pipe is represented by   
 

€ 

K_ fill_Cu_pipe = f_ci_fill_Cu ×
L_fill_Cu_ft
D_fill_Cu_ft
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where the friction factor is calculated using the Colebrook equation 
 

€ 

1
f _ci_fill_Cu

= −2.0 log ε
3.7D_fill_Cu_ft

+
2.51

Re_fill_Cu f _ci_fill_Cu

⎛ 

⎝ 
⎜ 
⎜ 

⎞ 

⎠ 
⎟ 
⎟  

 
and 
 

€ 

L_fill_Cu_ft = 73.83 ft  
 

€ 

D_fill_Cu_ft = 0.08292 ft  
 
ε is the absolute roughness, estimated as 0.00015 ft using the data on Crane 410 page A-2 for 
commercial steel.    
 
The Reynolds number for the copper piping is calculated using 
 

€ 

Re_fill_Cu = 6.31× WCAP
dsmall_fill_Cu × µ

 

 
where 
 

€ 

dsmall_fill_Cu = 0.995 inches. 
 
The mass flow rate, WCAP, that matches the relief valve capacity is  
 

€ 

WCAP = 23,556 lb
hr

. 

 
µ = viscosity of liquid argon calculated by EES at the average pressure (Paverage) between the inlet 
and outlet assuming saturated liquid.   
 
The pipe exit into the tank has a resistance of  
 

€ 

K_pipe_exit =1.0   
 
and the valve Cv’s convert to a K value in the following manner: 
 

€ 

K_ valve_cryolab = 890.3 × (dsmall_fill_Cu
4 )/Cv_cryolab

2  
 

€ 

K_ valve_eden_Y = 890.3 × (dsmall_fill_Cu
4 )/Cv_eden_Y

2  
 

€ 

K_ valve_eden_Globe = 890.3 × (dsmall_fill_Cu
4 )/Cv_eden_globe

2 . 
 
The resistance of the stainless piping, 

€ 

K410_fill_SS , is converted to an equivalent copper tubing 
resistance in the following manner: 
 

€ 

K410_SS_to_Cu = K410_fill_SS × dsmall_fill_Cu/dsmall_fill_ss( )
4
. 
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The equivalent length of pipe, 

€ 

L_eq_fill_Cu_ft  , for the overall pressure drop calculation is computed 
from 

€ 

K410_fill_Cu = f_ci_fill_Cu ×
L_eq_fill_Cu_ft

D_fill_Cu_ft
   

 
which includes the resistance of the stainless steel piping.   
 
The resistance of the 1 inch sch 10 stainless piping is computed as  
 

€ 

K410_fill_SS  =  num_elbows_fill_SS × K_elbow_fill_SS +  K_fill_SS_pipe  
 
where 
 

€ 

num_elbows_ fill _ SS  = number of elbows in the stainless piping, 14.   
 
The resistance of one stainless steel butt weld elbow is represented by  
 

€ 

K_ elbow_fill_SS = 20 × fT _ fill _ SS  
 
where the turbulent friction factor 

€ 

fT _ fill _ SS = 0.02224  for the 1.097 inch internal diameter 
stainless pipe. 
 
The resistance of the straight stainless pipe is represented by   
 

€ 

K_ fill_SS_pipe = f_ci_fill_SS ×
L_fill_SS_ft
D_fill_SS_ft

 

 
where the friction factor is calculated using the Colebrook equation 
 

€ 

1
f _ci_fill_SS

= −2.0 log ε
3.7D_fill_SS_ft

+
2.51

Re_fill_SS f _ci_fill_SS

⎛ 

⎝ 
⎜ 
⎜ 

⎞ 

⎠ 
⎟ 
⎟  

 
and 
 

€ 

L_fill_SS_ft = 41.5 ft  
 

€ 

D_fill_SS_ft = 0.09142 ft. 
 
The Reynolds number for the stainless piping is calculated using 
 

€ 

Re_fill_SS = 6.31× WCAP
dsmall_fill_SS × µ

 

 
where 
 

€ 

dsmall_fill_SS =1.097 inches. 
 
The pressure drop that corresponds to the relief valve capacity is computed using Crane 410 
equation 6-8  
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€ 

DELTAP_ tan k_fill_line =
3.3591×10-6 × f_ci_fill_Cu × L_eq_fill_Cu_ft ×WCAP

2

rho_fill × dsmall_fill_Cu
5  

 
where 

€ 

rho_fill  is the density of saturated liquid in lb/ft3 evaluated at the average of the inlet (P1p) 
and outlet (P2p) pressures.  The outlet pressure P2p is taken to be the tank MAWP of 14.4 + 3 x 
1.1 = 17.7 psia.  The piping inlet pressure is calculated based upon the pressure differential 
required to create a flow equal to the relief valve capacity.   
 
Below is a summary of the equations that were solved simultaneously in EES the program is 
available in the appendix.   
 

€ 

K_ elbow_fill_Cu = 20 × fT _ fill _Cu = 20 × 0.02281 = 0.4562  

€ 

K_ fill_Cu_pipe = f_ci_fill_Cu ×
L_fill_Cu_ft
D_fill_Cu_ft

= 0.02304 × 73.83
0.08292

= 20.52  

€ 

Re_fill_Cu = 6.31× WCAP
dsmall_fill_Cu × µ

= 6.31× 23,556
0.995 × 0.1734

= 861,337  

€ 

1
f _ci_fill_Cu

= −2.0 log ε
3.7D_fill_Cu_ft

+
2.51

Re_fill_Cu f _ci_fill_Cu

⎛ 

⎝ 
⎜ 
⎜ 

⎞ 

⎠ 
⎟ 
⎟ =

1
0.02304

= −2.0 log 0.00015
3.7 × 0.08292

+
2.51

861,337 0.02304
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

 

€ 

K_ valve_cryolab = 890.3 × (dsmall_fill_Cu
4 )/Cv_cryolab

2 = 890.3 × 0.9954 /15.22 = 3.777 

€ 

K_ valve_eden_Y = 890.3 × (dsmall_fill_Cu
4 )/Cv_eden_Y

2 = 890.3 × 0.9954 /272 =1.197  

€ 

K_ valve_eden_Globe = 890.3 × (dsmall_fill_Cu
4 )/Cv_eden_globe

2 = 890.3 × 0.9954 /182 = 2.693 

€ 

K_ elbow_fill_SS = 20 × fT _ fill _ SS = 20 × 0.02224 = 0.4447  

€ 

K_ fill_SS_pipe = f_ci_fill_SS ×
L_fill_SS_ft
D_fill_SS_ft

= 0.02251× 41.5
0.09142

=10.22 

€ 

1
f _ci_fill_SS

= −2.0 log ε
3.7D_fill_SS_ft

+
2.51

Re_fill_SS f _ci_fill_SS

⎛ 

⎝ 
⎜ 
⎜ 

⎞ 

⎠ 
⎟ 
⎟ =

1
0.02251

= −2.0 log 0.00015
3.7 × 0.09142

+
2.51

781249 0.02251
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

 

€ 

Re_fill_SS = 6.31× WCAP
dsmall_fill_SS × µ

= 6.31× 23,556
1.097 × 0.1734

= 781,249 

€ 

K410_fill_SS  =  num_elbows_fill_SS × K_elbow_fill_SS +  K_fill_SS_pipe =14 × 0.4447 +10.22 =16.44  

€ 

K410_SS_to_Cu = K410_fill_SS × dsmall_fill_Cu/dsmall_fill_ss( )
4

=16.44 × 0.995/1.097( )4 =11.13  
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€ 

K410_fill_Cu =  num_elbows_ fill _Cu × K_ elbow_fill_Cu +  K_ fill_Cu_pipe +  K_pipe_exit  +  K_ valve_cryolab   +  K_ valve_eden_Y  
+ 2 × K_ valve_eden_globe  +  K410_SS_to_Cu

K410_fill_Cu =  3 × 0.4562 +  20.52 +  1.0 +  3.777  +  1.197 
+ 2 × 2.693 +  11.13 = 44.38

L_eq_fill_Cu_ft =
K410_fill_Cu × D_fill_Cu_ft

f_ci_fill_Cu
=

44.38 × 0.08292
0.02304

=159.7 ft

 

 

€ 

DELTAP_ tan k_fill_line =
3.3591×10-6 × f_ci_fill_Cu × L_eq_fill_Cu_ft ×WCAP

2

rho_fill × dsmall_fill_Cu
5

DELTAP_ tan k_fill_line = 3.3591×10-6 × 0.02304 ×159.7 × 23,5562

81.4 × 0.9955 = 86.39 psi

P1P =104.1 psia
P2P =17.7 psia
Paverage = 60.9psia
rho_fill  and µ evaluated for saturated liquid argon at 60.9psia.

 

Thus it takes a differential pressure of 86.4 psi to create a mass flow of argon that matches the 
relief valve capacity.  The 28 ft elevation change provides a liquid head of 87 lb/ft3 x 28 ft x 1 
ft2/144 in2 = 16.92 psi.  Thus the liquid argon supply tanker must maintain a vapor pressure of 
less than 70 psig during the fill so that the capacity of the relief valve is not exceeded.   
 
Summary of LAPD tank relief valve cases 
 
 Required flow 
Internal pressure SCFMAIR 
Fire 29 
Liquid pump to vapor 1,620 
Ambient heat leak 10 
Compromised insulation 348 
Fill of tank from a 70 psig source 4,377 
Tank shell heaters 3 
Bellows pump 6 
Warm gas supply 150 
Atmospheric fall 17 
Relief valve capacity as installed 4,377 
External pressure  
Condenser 60 
Liquid pump  7 
Bellows pump 6 
Severed pipe 140 
Atmospheric rise 1 
Vacuum pumps (5 total) 214 
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Relief valve capacity as installed 892 
 
The primary relief valve is an Anderson Greenwood 9399C06SSTC dual pilot operated relief 
valve which provides both pressure and vacuum relief.  For internal pressure its capacity as 
installed is 4,377 SCFMAIR  at 10% over its 3 psig set point and 892 SCFMAIR for the external 
pressure case.  For vacuum it opens at 0.18 psi external pressure and the flow rating is at the 0.2 
psi external pressure vessel rating.   
 
A remote pressure sensing line communicates the tank pressure to the relief valve pilots.  Thus 
inlet piping pressure drop will not cause the relief valve to close.  Due to the nature of the pilot 
relief valve, back pressure buildup in the vent will not increase set pressure or cause the valve to 
lose lift.  However both inlet piping and vent piping pressure drop reduces valve capacity by 
reducing the pressure drop available across the relief valve itself.  Thus the installed capacity of 
the relief valve is calculated for both the internal pressure and external pressure cases.  Air is 
used for the calculations because the required relief capacities are computed in SCFM of air 
equivalent.   
 
Equations for pressure drop in the inlet piping, across the relief valve, and in the vent piping were 
solved simultaneously using the Engineering Equation Solver (EES) software to determine the as 
installed relief valve capacity and the program is available in the appendix. 
 
Inlet piping pressure drop – internal pressure case 
 
Figure 1 shows the geometry for the internal pressure relief calculation.   
 
Crane 410 version 11/09 equation 1-27 gives the pressure drop for isothermal compressible flow.  
Using this equation, the pressure drop in the inlet piping leading up to the relief valve is calculated 
as follows: 

€ 

w2 =
144gAinlet

2

V 1inlet f ci_ inlet

Leq _ inlet

Dinlet

+ 2ln P0
P1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 

P0( )2 − P1( )2

P0

⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 

 
 
 
w =  mass flow of air, lb/sec, calculated based upon the available pressure drop and the 

resistance of the inlet piping, the vent piping, and the relief valve itself. 
 
g = gravitational acceleration, 32.174 ft/s2. 
 
Dinlet = inlet pipe inner diameter, feet, 7.76 inches for 8 inch OD 0.120 inch wall tubing which is 

0.6467 ft. 
 
Ainlet = inlet pipe cross sectional area, for 8 inch OD 0.120 inch wall tubing: 
 

 

€ 

π
4

7.762( ) in2 = 47.295in2 = 0.3284 ft 2.
 

 
P0

 
= inlet pressure, psia, equal to the tank maximum pressure of 14.4 + 3 x 1.1 = 17.7 psia.  

 
P1 = inlet piping outlet pressure (relief valve inlet pressure), psia, calculated value. 
 

€ 

V 1inlet = inlet specific volume of the fluid, 10.88 ft3/lb for air at 60 oF and 17.7 psia.   
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€ 

fci _ inlet= computed using the Colebrook equation which is Crane 410 equation 1-20 
 
 

€ 

1
fci _ inlet

= −2.0 log ε
3.7Dinlet

+
2.51

Re _ inlet f ci_ inlet

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟  

 
where 
 
ε =

  
the absolute roughness, estimated as 0.00015 ft using the data on Crane 410 page A-24 
for commercial steel.    

 

€ 

Re _ inlet
=

  
the Reynolds number Re is computed using Crane 410 equation 6-3. 

 

€ 

Re _ inlet = 6.31 W
dinletµ  

 
W =  mass flow of air, lb/hr, calculated based upon the available pressure drop and the 

resistance of the inlet piping, the vent piping, and the relief valve itself.    
 
dinlet =  inlet pipe internal diameter, 7.76 inches. 
 
µ =  absolute (dynamic) viscosity of air, 0.018035 centipoise at 60 oF.   
 

€ 

Leq _ inlet  =  Equivalent length of pipe in ft, calculated using the methods of Crane 410 – see below   
calculations.  

The path to the relief valve has 4.32 feet, Linlet, of straight pipe.  In addition to the resistance of the 
straight pipe, the inward projecting entrance has a resistance value of K = 0.78.  Thus the total 
resistance between the vessel and the relief valve is computed as 

 

€ 

K410inlet = 0.78 + fci_ inlet
Linlet
Dinlet

= 0.78 + 0.01513 4.32 ft
7.76 in

12 in
ft

= 0.881.

 
The equivalent length of straight pipe is then calculated as follows: 

€ 

Leq _ inlet =
K410inletDinlet

fci _ inlet
=

0.881× 7.76 in

12 in
ft

0.01513
= 37.73 ft

 

 

€ 

Re _ inlet = 6.31 W
dinletµ

= 6.31 20,051
7.76 × 0.018035

= 904,022
 

 

version 9.2.11 - page 133



Relief Valve Sizing Version 9.2.11 
17/28 

€ 

1
fci _ inlet

= −2.0 log ε
3.7Dinlet

+
2.51

Re _ inlet f ci_ inlet

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ =

1
0.0151

= −2.0 log 0.00015
3.7 × 0.6467

+
2.51

904,022 0.0151
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

 

€ 

w2 =
144gAinlet

2

V 1inlet f ci_ inlet

Leq _ inlet

Dinlet

+ 2ln P0
P1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 

P0( )2 − P1( )2

P0

⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 

=

5.572 =
144 × 32.17 × 0.32842

10.88 0.0151 37.73
0.6467

+ 2ln 17.7
17.388

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 

17.7( )2 − 17.388( )2

17.7

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

.

 

 

Thus the inlet piping pressure drop is 0.312 psi.   
 
Relief valve pressure drop – internal pressure case 
 
The Anderson Greenwood Low Pressure POPRV Catalog gives the relationship between the 
relief valve orifice area and the volumetric flow rate as  
 

  

€ 

V = 4645KdP1FA
MTZ

.

  
The subsonic flow factor, F, based on the ratio of specific heats and pressure drop across the 
valve is defined as  
 

€ 

F =
k

k −1
P2

P1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2
k
−
P2

P1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

k+1
k

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
 .

 
The subsonic valve coefficient, Kd is define as  
 

€ 

Kd = 0.650 P2
P1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

−0.349

. 

 
 
 
V = Gas flow capacity expressed in SCFMair at 14.7 psia and 60 oF. 
 
A = Relief valve orifice area, 28.89 in2, for a 6 inch 9300 series pilot relief valve.   
 
M = Molecular weight of the flowing gas, 29 for air.   
 
T =  Absolute relieving temperature, 519.67 Rankine.   
 
Z =  Compressibility factor, Z = 1.   
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P1 =  Relief valve inlet pressure, psia, equal to the inlet piping outlet pressure.  
 
P2 =  Relief valve outlet pressure, psia, equal to the vent piping inlet pressure.  
 
k = Ratio of the specific heats of gas, 1.4 for air.   
 
 

€ 

Kd = 0.650 P2

P1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

−0.349

= 0.650 15.085
17.388
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 
−0.349

= 0.683

F =
k

k −1
P2

P1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2
k
−
P2

P1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

k+1
k

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
 = 1.4

1.4 −1
15.085
17.388
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2
1.4
−

15.085
17.388
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

1.4 +1
1.4

⎡ 

⎣ 

⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 

= 0.3371

V = 4645KdP1FA
MTZ

=
4645 × 0.683 ×17.388 × 0.3371× 28.89

29 × 519.67 ×1
= 4,377SCFMAir

 

Thus the pressure drop across the relief valve is 2.303 psi. 
 
The specific volume of air at 14.7 psia and 60 oF is 13.0968 ft3/lb.  Thus, as a check, the air flow 
converts to the mass flow w of  
 

€ 

4,377 ft 3

min
×

lb
13.0968 ft 3

×
1min
60sec

= 5.57 lb
sec

. 

 
Vent piping pressure drop– internal pressure case 
 
Again utilizing the equation for isothermal compressible flow, the pressure drop in the vent piping 
leading up to the relief valve is calculated as follows: 

€ 

w2 =
144gAvent

2

V 1vent fci _ vent

Leq _ vent

Dvent

+ 2ln
P1p

P2p

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ 

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

P1p( )
2
− P2p( )

2

P1p

⎡ 

⎣ 

⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 

 
 
 
w =  mass flow of air, lb/sec, calculated based upon the available pressure drop and the 

resistance of the inlet piping, the vent piping, and the relief valve itself. 
 
g = gravitational acceleration, 32.174 ft/s2. 
 
Dvent = vent pipe inner diameter, feet, 8.329 inches for 8 inch SCH 10 pipe which is 0.6941 ft. 
 
Avent = vent pipe cross sectional area, for 8 inch SCH 10 pipe: 
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€ 

π
4

8.3292( ) in2 = 54.4848 in2 = 0.3784 ft 2.
 

 
P1p

 
= vent inlet pressure, psia, equal to the calculated relief valve outlet pressure (P2) of 15.085 

psia.  
 
P2p = vent outlet pressure, psia, equal to an atmospheric pressure of 14.4 psia. 
 

€ 

V 1vent = vent inlet fluid specific volume, 12.76 ft3/lb for air at 60 oF and 15.085 psia.   
 

€ 

fci _ vent= computed using the Colebrook equation 
 

€ 

1
fci _ vent

= −2.0 log ε
3.7Dvent

+
2.51

Re _ vent f ci _ vent

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟  

 
where 
 
ε =

  
the absolute roughness, estimated as 0.00015 ft using the data on Crane 410 page A-24 
for commercial steel.    

 

€ 

Re _ vent
=

  
the Reynolds number Re is computed using Crane 410 equation 6-3. 

 

€ 

Re _ vent = 6.31 W
dventµ  

 
W =  mass flow of air, lb/hr, calculated based upon the available pressure drop and the 

resistance of the inlet piping, the vent piping, and the relief valve itself.    
 
dvent =  vent pipe internal diameter, 8.329 inches. 
 
µ =  absolute (dynamic) viscosity of air, 0.018035 centipoise at 60 oF.   
 

€ 

Leq _ vent  =  Equivalent length of pipe in ft, calculated using the methods of Crane 410 – see below   
calculations.  

The path from the relief valve to atmosphere has 8 feet, Lvent, of straight pipe.  In addition to the 
resistance of the straight pipe there are five elbows.  Each elbow is an 8 inch SCH 10 long radius 
elbow which has a r/d of 1.44.  Thus the K value for one bend is 14 x fT from page A-30 of Crane 
410.  fT is the friction factor in the zone of complete turbulence which is equal to 0.01396 for clean 
commercial steel pipe with an inside diameter of 8.329 inches according to the plot on page A-26 
of Crane 410.  In addition to the resistance of the straight pipe and elbows, the pipe exit has a 
resistance value of K = 1.0.  Thus the total resistance between the vessel and the relief valve is 
computed as 

€ 

K410vent = fci _ vent
Lvent
Dvent

+ 5 ×14 fT _ vent +1.0 = 0.0150 8 ft
8.329 in

12 in
ft

+ 5 ×14 × 0.01396 +1.0 = 2.15.
 

The equivalent length of straight pipe is then calculated as follows: 
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€ 

Leq _ vent =
K410ventDvent

fci _ vent
=

2.15 × 8.329 in

12 in
ft

0.015
= 99.49 ft

 

 

€ 

Re _ vent = 6.31 W
dventµ

= 6.31 20,051
8.329 × 0.018035

= 842,280
 

 

€ 

1
fci _ vent

= −2.0 log ε
3.7Dvent

+
2.51

Re _ vent f ci _ vent

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ =

1
0.015

= −2.0 log 0.00015
3.7 × 0.6941

+
2.51

842,280 0.015
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟  

€ 

w2 =
144gAvent

2

V 1vent fci _ vent

Leq _ vent

Dvent

+ 2ln
P1p

P2p

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ 

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

P1p( )
2
− P2p( )

2

P1p

⎡ 

⎣ 

⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ =

5.572 =
144 × 32.17 × 0.37842

12.76 0.015 99.48
0.6941

+ 2ln15.085
14.400

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 

15.085( )2 − 14.4( )2

15.085

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

.

 

 

Thus the vent pressure drop is 0.685 psi.   
 
The installed internal pressure relief capacity of the relief valve is 4,377 SCFMair. 
 
The as installed relief valve capacity for the vacuum case is calculated in the same manner 
except that the flow is reversed.   
 
Vent piping pressure drop – external pressure case 
 
Figure 2 shows the geometry for the internal pressure relief calculation.   
 
For the external pressure case, the vent piping becomes the inlet piping.  Utilizing the equation 
for isothermal compressible flow, the pressure drop in the vent piping leading up to the relief 
valve is calculated as follows: 

€ 

w2 =
144gAvent

2

V 1vent fci _ vent

Leq _ vent

Dvent

+ 2ln
P1p

P2p

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ 

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

P1p( )
2
− P2p( )

2

P1p

⎡ 

⎣ 

⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 

 
 
 
w =  mass flow of air, lb/sec, calculated based upon the available pressure drop and the 

resistance of the inlet piping, the vent piping, and the relief valve itself. 
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g = gravitational acceleration, 32.174 ft/s2. 
 
Dvent = vent pipe inner diameter, feet, 8.329 inches for 8 inch SCH 10 pipe which is 0.6941 ft. 
 
Avent = vent pipe cross sectional area, for 8 inch SCH 10 pipe: 
 

 

€ 

π
4

8.3292( ) in2 = 54.4848 in2 = 0.3784 ft 2.
 

 
P1p

 
= vent outlet pressure, psia, equal to the calculated relief valve inlet pressure (P2) of 14.374 

psia.  
 
P2p = vent inlet pressure, psia, equal to an atmospheric pressure of 14.40 psia. 
 

€ 

V 1vent = vent inlet fluid specific volume, 13.37 ft3/lb for air at 60 oF and 14.40 psia.   
 

€ 

fci _ vent= computed using the Colebrook equation 
 

€ 

1
fci _ vent

= −2.0 log ε
3.7Dvent

+
2.51

Re _ vent f ci _ vent

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟  

 
where 
 
ε =

  
the absolute roughness, estimated as 0.00015 ft using the data on Crane 410 page A-24 
for commercial steel.    

 

€ 

Re _ vent
=

  
the Reynolds number Re is computed using Crane 410 equation 6-3. 

 

€ 

Re _ vent = 6.31 W
dventµ  

 
W =  mass flow of air, lb/hr, calculated based upon the available pressure drop and the 

resistance of the inlet piping, the vent piping, and the relief valve itself.    
 
dvent =  vent pipe internal diameter, 8.329 inches. 
 
µ =  absolute (dynamic) viscosity of air, 0.018035 centipoise at 60 oF.   
 

€ 

Leq _ vent  =  Equivalent length of pipe in ft, calculated using the methods of Crane 410 – see below   
calculations.  

The path from atmosphere to the relief valve inlet has 8 feet, Lvent, of straight pipe.  In addition to 
the resistance of the straight pipe there are five elbows.  Each elbow is an 8 inch SCH 10 long 
radius elbow which has a r/d of 1.44.  Thus the K value for one bend is 14 x fT from page A-30 of 
Crane 410.  fT is the friction factor in the zone of complete turbulence which is equal to 0.01396 
for clean commercial steel pipe with an inside diameter of 8.329 inches according to the plot on 
page A-26 of Crane 410.  In addition to the resistance of the straight pipe and elbows, the pipe 
entrance has a resistance value of K = 0.78.  Thus the total resistance between the vessel and 
the relief valve is computed as 
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€ 

K410vent = fci _ vent
Lvent
Dvent

+ 5 ×14 fT _ vent + 0.78 = 0.0176 8 ft
8.329 in

12 in
ft

+ 5 ×14 × 0.01396 + 0.78 =1.96.

 

The equivalent length of straight pipe is then calculated as follows: 

€ 

Leq _ vent =
K410ventDvent

fci _ vent
=

1.96 × 8.329 in

12 in
ft

0.01756
= 77.44 ft

 

 

€ 

Re _ vent = 6.31 W
dventµ

= 6.31 4,087
8.329 × 0.018035

=171,659
 

 

€ 

1
fci _ vent

= −2.0 log ε
3.7Dvent

+
2.51

Re _ vent f ci _ vent

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ =

1
0.01756

= −2.0 log 0.00015
3.7 × 0.6941

+
2.51

171,659 0.01756
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

 

€ 

w2 =
144gAvent

2

V 1vent fci _ vent

Leq _ vent

Dvent

+ 2ln
P2p

P1p

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ 

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

P2p( )
2
− P1p( )

2

P2p

⎡ 

⎣ 

⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ =

1.1352 =
144 × 32.17 × 0.37842

13.37 0.01756 77.44
0.6941

+ 2ln14.400
13.374

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 

14.400( )2 − 14.374( )2

14.400

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

.

 

 

Thus the vent pressure drop is 0.02552 psi for the external pressure case where the vent acts as 
the inlet piping to the relief valve.   
 
 
Relief valve pressure drop – external pressure case 
 
The Anderson Greenwood Low Pressure POPRV Catalog gives the relationship between the 
relief valve orifice area and the volumetric flow rate as  
 

  

€ 

V = 4645KdP1FA
MTZ

.

  
The subsonic flow factor, F, based on the ratio of specific heats and pressure drop across the 
valve is defined as  
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€ 

F =
k

k −1
P2

P1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2
k
−
P2

P1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

k+1
k

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
 .

 
For vacuum relief the subsonic valve coefficient Kd is defined as  
 

€ 

Kd = 0.55. 
 
 
 
V = Gas flow capacity expressed in SCFMair at 14.7 psia and 60 oF. 
 
A = Relief valve orifice area, 28.89 in2, for a 6 inch 9300 series pilot relief valve.   
 
M = Molecular weight of the flowing gas, 29 for air.   
 
T =  Absolute relieving temperature, 519.67 Rankine.   
 
Z =  Compressibility factor, Z = 1.   
 
P1 =  Relief valve outlet pressure for vacuum relief, psia, equal to the inlet piping outlet 

pressure.  
 
P2 =  Relief valve inlet pressure for vacuum relief, psia, equal to the vent piping outlet pressure.  
 
k = Ratio of the specific heats of gas, 1.4 for air.   
 
 

€ 

F =
k

k −1
P1

P2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2
k
−

P1

P2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

k+1
k

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
 = 1.4

1.4 −1
14.22

14.374
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2
1.4
−

14.22
14.374
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

1.4 +1
1.4

⎡ 

⎣ 

⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 

= 0.1032

V = 4645KdP2FA
MTZ

=
4645 × 0.55 ×14.374 × 0.1032 × 28.89

29 × 519.67 ×1
= 892 SCFMAir  

 
Thus the pressure drop across the relief valve is 0.1549 psi. 
 
The specific volume of air at 14.7 psia and 60 oF is 13.0968 ft3/lb.  Thus, as a check, the air flow 
converts to the mass flow w of  
 

€ 

892 ft 3

min
×

lb
13.0968 ft 3

×
1min
60sec

=1.135 lb
sec

. 

 
Inlet piping pressure drop – external pressure case 
 
Using isothermal compressible equation, the pressure drop in the inlet piping leading up to the 
relief valve is calculated as follows: 
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€ 

w2 =
144gAinlet

2

V 1inlet f ci_ inlet

Leq _ inlet

Dinlet

+ 2ln P1
P0

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 

P1( )2 − P0( )2

P1

⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 

 
 
 
w =  mass flow of air, lb/sec, calculated based upon the available pressure drop and the 

resistance of the inlet piping, the vent piping, and the relief valve itself. 
 
g = gravitational acceleration, 32.174 ft/s2. 
 
Dinlet = inlet pipe inner diameter, feet, 7.76 inches for 8 inch OD 0.120 inch wall tubing which is 

0.6467 ft. 
 
Ainlet = inlet pipe cross sectional area, for 8 inch OD 0.120 inch wall tubing: 
 

 

€ 

π
4

7.762( ) in2 = 47.295in2 = 0.3284 ft 2.
 

 
P0

 
= inlet piping outlet pressure, psia, equal to the tank maximum pressure below ambient of 

14.4 – 0.2 = 14.2 psia.  
 
P1 = inlet piping inlet pressure (relief valve outlet pressure during vacuum relief), psia, 

calculated value. 
 

€ 

V 1inlet = inlet specific volume of the fluid, 13.54 ft3/lb for air at 60 oF and 14.22 psia.   
 

€ 

fci _ inlet= computed using the Colebrook equation which is Crane 410 equation 1-20 
 
 

€ 

1
fci _ inlet

= −2.0 log ε
3.7Dinlet

+
2.51

Re _ inlet f ci_ inlet

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟  

 
where 
 
ε =

  
the absolute roughness, estimated as 0.00015 ft using the data on Crane 410 page A-24 
for commercial steel.    

 

€ 

Re _ inlet
=

  
the Reynolds number Re is computed using Crane 410 equation 6-3. 

 

€ 

Re _ inlet = 6.31 W
dinletµ  

 
W =  mass flow of air, lb/hr, calculated based upon the available pressure drop and the 

resistance of the inlet piping, the vent piping, and the relief valve itself.    
 
dinlet =  inlet pipe internal diameter, 7.76 inches. 
 
µ =  absolute (dynamic) viscosity of air, 0.018035 centipoise at 60 oF.   
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€ 

Leq _ inlet  =  Equivalent length of pipe in ft, calculated using the methods of Crane 410 – see below   
calculations.  

The path from relief valve and back into the tank has 4.32 feet, Linlet, of straight pipe.  In addition 
to the resistance of the straight pipe, during vacuum relief a pipe exit resistance of k = 1.0 applies.  
Thus the total resistance between the vessel and the relief valve is computed as 

 

€ 

K410inlet =1.0 + fci_ inlet
Linlet
Dinlet

=1.0 + 0.01749 4.32 ft
7.76 in

12 in
ft

=1.117

 
The equivalent length of straight pipe is then calculated as follows: 

€ 

Leq _ inlet =
K410inletDinlet

fci _ inlet
=

1.117 × 7.76 in

12 in
ft

0.01749
= 41.3 ft

 

 

€ 

Re _ inlet = 6.31 W
dinletµ

= 6.31 4,087
7.76 × 0.018035

=184,246
 

 

€ 

1
fci _ inlet

= −2.0 log ε
3.7Dinlet

+
2.51

Re _ inlet f ci_ inlet

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ =

1
0.01749

= −2.0 log 0.00015
3.7 × 0.6467

+
2.51

184,264 0.01749
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

 

€ 

w2 =
144gAinlet

2

V 1inlet f ci_ inlet

Leq _ inlet

Dinlet

+ 2ln P1
P0

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 

P1( )2 − P0( )2

P1

⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 

=

1.1352 =
144 × 32.17 × 0.32842

13.54 0.0151 41.3
0.6467

+ 2ln14.220
14.200

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 

14.220( )2 − 14.200( )2

14.22

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

.

 

 

Thus the inlet piping pressure drop is 0.01956 psi.   
 
The installed vacuum relief capacity of the relief valve is 892 SCFMair. 
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Over filling of the tank 
 
The tank is rated for an internal pressure of 3 psig in the vapor space while full of liquid argon.  
Thus the pressure at the base of the tank under 10 ft. of liquid head could be as high as 3 psi + 
10 ft x 87 lb / ft^3 x 1 ft^2 / 144 in^2 = 9 psi.  The liquid head pressure in the tank is solely 
determined by the height of liquid in the tank.   If the tank was overfilled and liquid argon filled a 
vent pipe to an elevation above the tank, the tank pressure rating could then be exceeded.   This 
scenario is independent of the supply tanker elevation.  A tank level supply trailer using vapor 
pressure to push liquid into the LAPD tank could overfill the tank and create a build up of liquid 
argon in a vent line at an elevation higher than the tank. 
  
The liquid argon supplier will deliver a trailer of liquid argon to the site and the trailer will then be 
placed solely under Fermilab control.  The filling of the tank will be administratively controlled by 
procedure to ensure the tank is not over filled.  
 
 
Piping attached to the tank 
 
The tank manufacturer provided pipe stubs welded to the tank wall along with reinforcing pads.  
To these pipe stubs the vacuum jacketed argon process piping was welded. Both the vacuum 
jacket and argon piping contain braided flexible hoses to allow for movement between the tank 
and piping.  The vacuum jacket braided flexible hoses are restrained with threaded rods because 
the braided hoses shrink under external pressure and the associated pressure thrust forces for 
the 3” and 5” diameter vacuum jacket hoses are substantial.  The threaded rods resist buckling 
but still allow for lateral movement.  Annotated drawings of the piping attached to the tank are 
attached.   
 
Acceptable nozzle loading 
 
The pilot relief valve mounted on the LAPD tank weighs 246 pounds.  Bob Wands performed a 
FEA analysis to determine the maximum acceptable vertical loading of this nozzle and found it to 
be 1,575 pounds.  The analysis is attached.  This is the heaviest load that will be applied to any 
nozzle.   
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{Relief valve calculation to determine the as installed capacity of the LAPD tank relief valve for internal pressure}
{The calculation has 3 sections}
{1 - the piping from the tank to the relief valve}
{2 - the relief valve itself}
{3 - the vent piping connected to the relief valve}
{the name plate capacity is 5271 SCFM Air for external pressure, the inlet and vent piping reduce this capacity}
 
{----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------}
 
{1 - relief_valve_inlet}
{tank at P0, relief valve inlet at P1}
 
w_lb_sec^2   = (      (144*g*(A_inlet_ft2^2)  )    /    (  Vbar1_inlet_ft3_lb * (f_ci_inlet*L_eq_inlet_ft/D_inlet_ft+ 2 *LN(P0/P1)   )   )  * (
 (P0^2 - P1^2)/ P0   )  )
 
Vbar1_inlet_ft3_lb =Volume(Air,T=T_F,P=P0)
 
D_inlet_ft = (8 - 2*0.120)/12
 
A_inlet_ft2 = (PI/4)*(D_inlet_ft^2)
 
{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci_inlet) = -2.0*log10(epsilon/(3.7*D_inlet_ft)   +   2.51/(Re_inlet*SQRT(f_ci_inlet)   )   )
 
{Reynolds # calcs for f}
Re_inlet = 6.31*WCAP/(dsmall_inlet*mu)  
dsmall_inlet = D_inlet_ft *12  {internal diameter of pipe in inches}
 
P0 = 14.4 + 3*1.1
 
{Resistance coefficients from Crane 410 }
K410inlet =  f_ci_inlet*L_inlet_ft/D_inlet_ft  {straight pipe} + K_inlet  {pipe entrance} {K is unitless}
 
K_inlet = 0.78  {entrance pressure drop factor}
 
L_inlet_ft = 51.89/12
 
{calculate the equivalent length l that includes the tees, elbows, and inlet between the vessel and relief valve piping}
K410inlet = f_ci_inlet*L_eq_inlet_ft/D_inlet_ft  
 
{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}
1/SQRT(f_T_inlet) = -2.0*log10(epsilon/(3.7*D_inlet_ft)   +   2.51/(Re_f_T_inlet*SQRT(f_T_inlet)   )   )
Re_f_T_inlet = 1E8  {A large Reynolds number is input to get the fully turbulent friction factor}
 
DELTAP_inlet_psid = P0 - P1   {flow pressure drop psi}
 
{check}
DELTAP_DARCY_inlet_check = (3.3591E-6)*(f_ci_inlet*L_eq_inlet_ft*WCAP^2)/(rho_inlet*dsmall_inlet^5)
rho_inlet = Density(Air,T=T_F,P=P0)
 
{----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------}
 
{2 - Pressure drop across the relief valve itself}
{relief valve inlet at P1, relief valve outlet at P2}
{This sheet calculates relief valve sizing based upon US volumetric flow units for Pilot Operated Relief Valves}
{This is for the pressure case for a 9300 series}
 
A = V*SQRT(M*T*Z) / (4645*K_d*P1*F)   {U.S. Volumetric Flow (SCF) Formula 11}

version 9.2.11 - page 152



File:inlet_and_vent_included_andersen_greenwood_relief_valve_sizing_subsonic_ 4/29/2011 1:58:26 PM  Page 2
EES Ver. 8.378: #2527:  For use only by Terry Tope, FERMILAB, Batavia, IL

A = 28.89   {orifice area in^2}
 
F = SQRT(   (k/(k-1)) * (    (P2/P1)^(2/k)   -   (P2/P1)^((k+1)/k))  )  {relief valve subsonic flow factor based on the ratio of specfic
 heats and pressure drop across the valve}
 
k = 1.4  {ratio of specific heats}
 
P2 = P1p  {pressure at valve outlet during flow, 14.7 psia + back pressure}
 
M = 29 {molecular weight of the flowing gas}
 
T = 519.67   {R, Absolute relieving temperature, 519.67 R = 60 F}
 
Z = 1 {compressibility factor}
 
K_d = 0.650*(P2/P1)^(-0.349)      {subsonic valve coefficient to be used when the set pressure is less than 15 psig}
 
DELTAP_relief_psid = P1 - P2   {flow pressure drop psi}
 
{----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------}
{3 - Pressure drop from the relief valve outlet to the vent outlet}
{P1p is the relief valve outlet, P2P is atmospheric pressure}
 
flow_rate_ft3_min = flow_rate_ft3_hr /60
 
flow_rate_ft3_min = V
 
{full compressible isothermal equation 1-27 from Crane 410 }
{look at what diameter tube is necessary to take argon from the supply to the tank}
w_lb_sec^2   = (      (144*g*(A_vent_ft2^2)  )    /    (  Vbar1_vent_ft3_lb * (f_ci_vent*L_eq_vent_ft/D_vent_ft+ 2 *LN(P1p/P2p)   )   ) 
* ( (P1p^2 - P2p^2)/ P1p   )  )
 
P2p = 14.4   {psi, atmospheric pressure} 

L_vent_ft = 8   {length of purge supply tubing in ft}
 
g = 32.174 {gravity ft/sec^2}
 
A_vent_ft2 = (PI/4)*(D_vent_ft^2)   {cross sectional area of supply tubing  ft^2}
 
D_vent_ft = 8.329/12   {conver tube ID from inches to feet}
 
DELTAP_vent_psid = P1p - P2p   {flow pressure drop psi}
 
{specific volume of the argon tank purge}
Vbar1_vent_ft3_lb =Volume(Air,T=T_F,P=P1p)
 
Vbar_stp_ft3_lb = Volume(Air,T=T_F,P=14.7)
 
T_F = 60  {deg. F}
 
w_lb_sec = flow_rate_ft3_hr  / (Vbar_stp_ft3_lb*3600 )   {ft^3/hr * lb/ft^3 * 1 hr/ 3600 sec} {convert SCFH to lb/sec}
 
{Reynolds # calcs for f}
Re_vent = 6.31*WCAP/(dsmall_vent*mu)  
 
WCAP = w_lb_sec * 3600  {lb/ hr, converted from lb/sec}
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dsmall_vent = D_vent_ft*12  {internal diameter of pipe in inches}
 
mu=Viscosity(Air,T=T_F)/2.42    {cp, converted from lb/ft-hr}
 
{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci_vent) = -2.0*log10(epsilon/(3.7*D_vent_ft)   +   2.51/(Re_vent*SQRT(f_ci_vent)   )   )
 
epsilon = 0.00015  {ft} {absolute roughness in feet for drawn tubing = 0.000,005 ft, for commericial steel = 0.00015 ft}
 
{Resistance coefficients from Crane 410 }
K410_vent = num_elbows_vent*14*f_T_vent {elbows} + f_ci_vent*L_vent_ft/D_vent_ft  {straight pipe} + 1.0  {pipe exit} {K is
 unitless}
 
{calculate the equivalent length l that includes the tees, elbows, and inlet between the vessel and relief valve piping}
K410_vent = f_ci_vent*L_eq_vent_ft/D_vent_ft  
 
{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}
1/SQRT(f_T_vent) = -2.0*log10(epsilon/(3.7*D_vent_ft)   +   2.51/(Re_f_T_vent*SQRT(f_T_vent)   )   )
Re_f_T_vent = 1E8  {A large Reynolds number is input to get the fully turbulent friction factor}
 
num_elbows_vent = 5  {number of elbows in the path from the vessel to the relief valve}
 
{check}
DELTAP_DARCY_vent_check = (3.3591E-6)*(f_ci_vent*L_eq_vent_ft*WCAP^2)/(rho_vent*dsmall_vent^5)
rho_vent = Density(Air,T=T_F,P=P1p)
 

wlb,sec
2 =

144  · g  · Ainlet,ft2
2

Vbar1inlet,ft3,lb  · fci,inlet  · 
Leq,inlet,ft

Dinlet,ft
 + 2  · ln

P0
P1

·
P0 2 – P1 2

P0

Vbar1inlet,ft3,lb  = v 'Air' , T =TF , P =P0

Dinlet,ft  =
8 – 2 · 0.12

12

Ainlet,ft2  =
π
4

· Dinlet,ft
2

1

fci,inlet

 = – 2  · log
ε

3.7  · Dinlet,ft
 + 

2.51
Reinlet  · fci,inlet

Reinlet  = 6.31  · 
WCAP

dsmall inlet  · µ

dsmall inlet  = Dinlet,ft  · 12

P0   =  14.4  + 3  · 1.1

K410inlet   =  fci,inlet  · 
Linlet,ft

Dinlet,ft
 + Kinlet

Kinlet  = 0.78
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Linlet,ft  =
51.89

12

K410inlet   =  fci,inlet  · 
Leq,inlet,ft

Dinlet,ft

1

fT,inlet

 = – 2  · log
ε

3.7  · Dinlet,ft
 + 

2.51
Ref,T,inlet  · fT,inlet

Ref,T,inlet  = 1 x 10 8

∆Pinlet,psid  = P0  – P1

∆PDARCY,inlet,check  = 0.0000033591  · 
fci,inlet  · Leq,inlet,ft  · WCAP 2

ρ inlet  · dsmall inlet
5

ρ inlet  = ρ 'Air' , T =TF , P =P0

A = V ·
M · T · Z

4645  · Kd · P1  · F

A = 28.89

F =
k

k – 1
·

P2
P1

2

k –
P2
P1

k + 1

k

k = 1.4

P2   =  P1p

M = 29

T = 519.67

Z = 1

Kd = 0.65  · 
P2
P1

– 0.349

∆Prelief,psid  = P1  – P2

flowrate,ft3,min  =
flowrate,ft3,hr

60

flowrate,ft3,min  = V

wlb,sec
2 =

144  · g  · Avent,ft2
2

Vbar1vent,ft3,lb  · fci,vent  · 
Leq,vent,ft

Dvent,ft
 + 2  · ln

P1p
P2p

·
P1p 2 – P2p 2

P1p

P2p   =  14.4

Lvent,ft  = 8

g = 32.174
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Avent,ft2  =
π
4

· Dvent,ft
2

Dvent,ft  =
8.329

12

∆Pvent,psid  = P1p  – P2p

Vbar1vent,ft3,lb  = v 'Air' , T =TF , P =P1p

Vbarstp,ft3,lb  = v 'Air' , T =TF , P =14.7

TF = 60

wlb,sec  =
flowrate,ft3,hr

Vbarstp,ft3,lb  · 3600

Revent  = 6.31  · 
WCAP

dsmallvent  · µ

WCAP   =  wlb,sec  · 3600

dsmallvent  = Dvent,ft  · 12

µ =
Visc 'Air' , T =TF

2.42

1
fci,vent

 = – 2  · log
ε

3.7  · Dvent,ft
 + 

2.51
Revent  · fci,vent

ε = 0.00015

K410vent  = numelbows,vent  · 14  · fT,vent  + fci,vent  · 
Lvent,ft

Dvent,ft
 + 1

K410vent  = fci,vent  · 
Leq,vent,ft

Dvent,ft

1

fT,vent

 = – 2  · log
ε

3.7  · Dvent,ft
 + 

2.51
Ref,T,vent  · fT,vent

Ref,T,vent  = 1 x 10 8

numelbows,vent  = 5

∆PDARCY,vent,check  = 0.0000033591  · 
fci,vent  · Leq,vent,ft  · WCAP 2

ρvent  · dsmallvent
5

ρvent  = ρ 'Air' , T =TF , P =P1p

SOLUTION
Unit Settings: [F]/[psia]/[lbm]/[degrees]
A = 28.89 [in2] Ainlet,ft2  = 0.3284 [ft2]
Avent,ft2  = 0.3784 [ft2] ∆PDARCY,inlet,check = 0.2974 
∆PDARCY,vent,check  = 0.6417 ∆Pinlet,psid = 0.3122 [psid] version 9.2.11 - page 156
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∆Prelief,psid  = 2.303 [psid] ∆Pvent,psid  = 0.685 [psid]
dsmallinlet  = 7.76 [in] dsmallvent  = 8.329 [in]
Dinlet,ft  = 0.6467 [ft] Dvent,ft = 0.6941 [ft]
ε = 0.00015 [ft] F = 0.3371 
flowrate,ft3,hr  = 262605 [SCFH] flowrate,ft3,min  = 4377 [SCFM]
fci,inlet = 0.015099 fci,vent  = 0.015001 
fT,inlet = 0.01416 fT,vent = 0.01396 
g = 32.17 [ft/s2] k = 1.4 
K410inlet  = 0.881 [ ] K410vent  = 2.150049 [ ]
Kd = 0.683 Kinlet  = 0.78 
Leq,inlet,ft  = 37.73 [ft] Leq,vent,ft  = 99.48 [ft]
Linlet,ft  = 4.324 [ft] Lvent,ft  = 8 [ft]
M = 29 µ = 0.018035 [cp]
numelbows,vent  = 5 P0 = 17.7 [psia]
P1 = 17.388 [psia] P1p  = 15.085 [psia]
P2 = 15.085 [psia] P2p  = 14.400 [psia]
Ref,T,inlet = 1.000E+08 Ref,T,vent  = 1.000E+08 
Reinlet  = 904022.700 Revent = 842263.916 [ ]
ρinlet = 0.091937 [lbm/ft3] ρvent  = 0.07835 [lbm/ft3]
T = 519.7 [R] TF = 60 [f]
V = 4377 [SCFM] Vbar1inlet,ft3,lb  = 10.88 [ft3/lbm]
Vbar1vent,ft3,lb = 12.76 [ft3/lbm] Vbarstp,ft3,lb  = 13.09680 [ft3/lbm]
WCAP = 20051.039 [lb/hr] wlb,sec  = 5.57 [lb/sec]
Z = 1 [unitless]

17 potential unit problems were detected.
EES suggested units (shown in purple) for rho_vent  .
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{Relief valve calculation to determine the as installed capacity of the LAPD tank relief valve for EXTERNAL PRESSURE}
{The calculation has 3 sections}
{1 - the piping from the tank to the relief valve}
{2 - the relief valve itself}
{3 - the vent piping connected to the relief valve}
{the name plate capacity is 1018 SCFM Air for external pressure, the inlet and vent piping reducee this capacity}
 
{----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------}
{1 - relief_valve_inlet piping, funtionally the outlet for the vacuum case}
{tank at P0, relief valve inlet at P1, inlet pressure to piping section is P1}
 
w_lb_sec^2   = (      (144*g*(A_inlet_ft2^2)  )    /    (  Vbar1_inlet_ft3_lb * (f_ci_inlet*L_eq_inlet_ft/D_inlet_ft+ 2 *LN(P1/P0)   )   )  * (
 (P1^2 - P0^2)/ P1   )  )   {Crane 410 equation 1-27 for isothermal compressible flow, w in lb/sec}
 
Vbar1_inlet_ft3_lb =Volume(Air,T=T_F,P=P1)    {specific volume of air ft^3 / lb at the inlet of the piping section}
 
D_inlet_ft = (8 - 2*0.120)/12    {piping internal diameter, ft}
 
A_inlet_ft2 = (PI/4)*(D_inlet_ft^2)    {pipng internal flow area, ft^2}
 
{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci_inlet) = -2.0*log10(epsilon/(3.7*D_inlet_ft)   +   2.51/(Re_inlet*SQRT(f_ci_inlet)   )   )
 
{Reynolds # calcs for f}
Re_inlet = 6.31*WCAP/(dsmall_inlet*mu)  
dsmall_inlet = D_inlet_ft *12  {internal diameter of pipe in inches}
 
P0 = 14.4 - 0.2    {Tank maximum external pressure is 0.2 psid}
 
{Resistance coefficients from Crane 410 }
K410inlet =  f_ci_inlet*L_inlet_ft/D_inlet_ft  {straight pipe} + K_inlet  {pipe entrance} {K is unitless}
 
K_inlet = 1.0 { for the vaccum case this is a pipe outlet entrance pressure drop factor}
 
L_inlet_ft = 51.89/12   {physical length of the inlet piping, ft}
 
{calculate the equivalent length L_eq_inlet_Ft that includes the tees, elbows, and inlet between the vessel and relief valve piping}
K410inlet = f_ci_inlet*L_eq_inlet_ft/D_inlet_ft  
 
{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}
1/SQRT(f_T_inlet) = -2.0*log10(epsilon/(3.7*D_inlet_ft)   +   2.51/(Re_f_T_inlet*SQRT(f_T_inlet)   )   )
Re_f_T_inlet = 1E8  {A large Reynolds number is input to get the fully turbulent friction factor}
 
DELTAP_inlet_psid = P1- P0  {flow pressure drop for this piping section psi}
 
{check against the simple Darcy equation}
DELTAP_DARCY_inlet_check = (3.3591E-6)*(f_ci_inlet*L_eq_inlet_ft*WCAP^2)/(rho_inlet*dsmall_inlet^5)
rho_inlet = Density(Air,T=T_F,P=P1)
 
{----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------}
 
{2 - Pressure drop across the relief valve itself}
{relief valve inlet at P1, relief valve outlet at P2, for vacuum P2 is the functional inlet and P1 the functional outlet}
{This sheet calculates relief valve sizing based upon US volumetric flow units for Pilot Operated Relief Valves}
{This is for the pressure case for a 9300 series}
 
A = V*SQRT(M*T*Z) / (4645*K_d*P2*F)   {U.S. Volumetric Flow (SCF) Formula 11}
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A = 28.89   {orifice area in^2}
 
F = SQRT(   (k/(k-1)) * (    (P1/P2)^(2/k)   -   (P1/P2)^((k+1)/k))  )  {relief valve subsonic flow factor based on the ratio of specfic
 heats and pressure drop across the valve}
 
k = 1.4  {ratio of specific heats}
 
M = 29 {molecular weight of the flowing gas}
 
T = 519.67   {R, Absolute relieving temperature, 519.67 R = 60 F}
 
Z = 1 {compressibility factor}
 
K_d = 0.55   {subsonic valve coefficient for vacuum}
 
DELTAP_relief_psid = P2 - P1   {flow pressure drop psi}
 
{----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
---------------------------------------}
{3 - Pressure drop from the vent piping physical outlet (inlet for the external pressure case) to the relief valve dishcharge (relief
valve inlet for the external pressure case}
{P1p is the relief valve outlet, P2P is atmospheric pressure, for the vacuum case P1p is functionally the vent outlet and P2p
functionally the vent inlet}
 
flow_rate_ft3_min = flow_rate_ft3_hr /60
 
flow_rate_ft3_min = V
 
{full compressible isothermal equation 1-27 from Crane 410 }
{look at what diameter tube is necessary to take argon from the supply to the tank}
w_lb_sec^2   = (      (144*g*(A_vent_ft2^2)  )    /    (  Vbar1_vent_ft3_lb * (f_ci_vent*L_eq_vent_ft/D_vent_ft+ 2 *LN(P2p/P1p)   )   ) 
* ( (P2p^2 - P1p^2)/ P2p   )  )
 
P2 = P1p 
 
P2p = 14.4   {psi, atmospheric pressure} 

L_vent_ft = 8   {length of purge supply tubing in ft}
 
g = 32.174 {gravity ft/sec^2}
 
A_vent_ft2 = (PI/4)*(D_vent_ft^2)   {cross sectional area of supply tubing  ft^2}
 
D_vent_ft = 8.329/12   {conver tube ID from inches to feet}
 
DELTAP_vent_psid = P2p - P1p   {flow pressure drop psi}
 
{specific volume of the argon tank purge}
Vbar1_vent_ft3_lb =Volume(Air,T=T_F,P=P2p)
 
Vbar_stp_ft3_lb = Volume(Air,T=T_F,P=14.7)
 
T_F = 60  {deg. F}
 
w_lb_sec = flow_rate_ft3_hr  / (Vbar_stp_ft3_lb*3600 )   {ft^3/hr * lb/ft^3 * 1 hr/ 3600 sec} {relationship between SCFM and lb/sec}
 
{Reynolds # calcs for f}
Re_vent = 6.31*WCAP/(dsmall_vent*mu)  
 
WCAP = w_lb_sec * 3600  {lb/ hr, converted from lb/sec}

version 9.2.11 - page 159



File:inlet_and_vent_included_andersen_greenwood_relief_valve_sizing_subsonic_ 4/29/2011 1:57:49 PM  Page 3
EES Ver. 8.378: #2527:  For use only by Terry Tope, FERMILAB, Batavia, IL

dsmall_vent = D_vent_ft*12  {internal diameter of pipe in inches}
 
mu=Viscosity(Air,T=60)/2.42    {cp, converted from lb/ft-hr}
 
{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci_vent) = -2.0*log10(epsilon/(3.7*D_vent_ft)   +   2.51/(Re_vent*SQRT(f_ci_vent)   )   )
 
epsilon = 0.00015  {ft} {absolute roughness in feet for drawn tubing = 0.000,005 {ft}, for commericial steel = 0.00015  {ft} }
 
{Resistance coefficients from Crane 410 }
K410_vent = num_elbows_vent*14*f_T_vent {elbows} + f_ci_vent*L_vent_ft/D_vent_ft  {straight pipe} + 0.78  {VACUUM case
 pipe inlet} {K is unitless}
 
{calculate the equivalent length l that includes the tees, elbows, and inlet between the vessel and relief valve piping}
K410_vent = f_ci_vent*L_eq_vent_ft/D_vent_ft  
 
{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}
1/SQRT(f_T_vent) = -2.0*log10(epsilon/(3.7*D_vent_ft)   +   2.51/(Re_f_T_vent*SQRT(f_T_vent)   )   )
Re_f_T_vent = 1E8  {A large Reynolds number is input to get the fully turbulent friction factor}
 
num_elbows_vent = 5  {number of elbows in the path from the vessel to the relief valve}
 
{check against the simple Darcy equation}
DELTAP_DARCY_vent_check = (3.3591E-6)*(f_ci_vent*L_eq_vent_ft*WCAP^2)/(rho_vent*dsmall_vent^5)
rho_vent = Density(Air,T=T_F,P=P2p)
 

wlb,sec
2 =

144  · g  · Ainlet,ft2
2
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·
P1 2 – P0 2
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π
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ε

3.7  · Dinlet,ft
 + 
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Reinlet  = 6.31  · 
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P0   =  14.4  – 0.2
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version 9.2.11 - page 160



File:inlet_and_vent_included_andersen_greenwood_relief_valve_sizing_subsonic_ 4/29/2011 1:57:49 PM  Page 4
EES Ver. 8.378: #2527:  For use only by Terry Tope, FERMILAB, Batavia, IL

Linlet,ft  =
51.89
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K410inlet   =  fci,inlet  · 
Leq,inlet,ft

Dinlet,ft

1

fT,inlet

 = – 2  · log
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3.7  · Dinlet,ft
 + 
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Ref,T,inlet  = 1 x 10 8
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5

ρ inlet  = ρ 'Air' , T =TF , P =P1
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4645  · Kd · P2  · F

A = 28.89

F =
k

k – 1
·

P1
P2

2

k –
P1
P2

k + 1

k

k = 1.4

M = 29

T = 519.67

Z = 1

Kd = 0.55

∆Prelief,psid  = P2  – P1

flowrate,ft3,min  =
flowrate,ft3,hr

60

flowrate,ft3,min  = V

wlb,sec
2 =

144  · g  · Avent,ft2
2

Vbar1vent,ft3,lb  · fci,vent  · 
Leq,vent,ft

Dvent,ft
 + 2  · ln

P2p
P1p

·
P2p 2 – P1p 2

P2p

P2   =  P1p

P2p   =  14.4

Lvent,ft  = 8

g = 32.174

Avent,ft2  =
π
4

· Dvent,ft
2
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Dvent,ft  =
8.329

12

∆Pvent,psid  = P2p  – P1p

Vbar1vent,ft3,lb  = v 'Air' , T =TF , P =P2p

Vbarstp,ft3,lb  = v 'Air' , T =TF , P =14.7

TF = 60

wlb,sec  =
flowrate,ft3,hr

Vbarstp,ft3,lb  · 3600

Revent  = 6.31  · 
WCAP

dsmallvent  · µ

WCAP   =  wlb,sec  · 3600

dsmallvent  = Dvent,ft  · 12

µ =
Visc 'Air' , T =60

2.42

1
fci,vent

 = – 2  · log
ε

3.7  · Dvent,ft
 + 

2.51
Revent  · fci,vent

ε = 0.00015

K410vent  = numelbows,vent  · 14  · fT,vent  + fci,vent  · 
Lvent,ft

Dvent,ft
 + 0.78

K410vent  = fci,vent  · 
Leq,vent,ft

Dvent,ft

1

fT,vent

 = – 2  · log
ε

3.7  · Dvent,ft
 + 

2.51
Ref,T,vent  · fT,vent

Ref,T,vent  = 1 x 10 8

numelbows,vent  = 5

∆PDARCY,vent,check  = 0.0000033591  · 
fci,vent  · Leq,vent,ft  · WCAP 2

ρvent  · dsmallvent
5

ρvent  = ρ 'Air' , T =TF , P =P2p

SOLUTION
Unit Settings: [F]/[psia]/[lbm]/[degrees]
A = 28.89 [in2] Ainlet,ft2  = 0.3284 [ft2]
Avent,ft2  = 0.3784 [ft2] ∆PDARCY,inlet,check = 0.0195 
∆PDARCY,vent,check  = 0.02545 ∆Pinlet,psid = 0.01956 [psid]
∆Prelief,psid  = 0.1549 [psid] ∆Pvent,psid  = 0.02552 [psid]
dsmallinlet  = 7.76 [in] dsmallvent  = 8.329 [in] version 9.2.11 - page 162
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Dinlet,ft  = 0.6467 [ft] Dvent,ft = 0.6941 [ft]
ε = 0.00015 [ft] F = 0.1032 
flowrate,ft3,hr  = 53520 [SCFH] flowrate,ft3,min  = 892 [SCFM]
fci,inlet = 0.01749 fci,vent  = 0.01756 
fT,inlet = 0.01416 fT,vent = 0.01396 
g = 32.17 [ft/s2] k = 1.4 
K410inlet  = 1.117 [ ] K410vent  = 1.96 [ ]
Kd = 0.55 Kinlet  = 1 
Leq,inlet,ft  = 41.3 [ft] Leq,vent,ft  = 77.44 [ft]
Linlet,ft  = 4.324 [ft] Lvent,ft  = 8 [ft]
M = 29 µ = 0.01804 [cp]
numelbows,vent  = 5 P0 = 14.2 [psia]
P1 = 14.220 [psia] P1p  = 14.374 [psia]
P2 = 14.374 [psia] P2p  = 14.400 [psia]
Ref,T,inlet = 1.000E+08 Ref,T,vent  = 1.000E+08 
Reinlet  = 184246 Revent = 171659 [ ]
ρinlet = 0.07386 [lbm/ft3] ρvent  = 0.0748 [lbm/ft3]
T = 519.7 [R] TF = 60 [f]
V = 892 [SCFM] Vbar1inlet,ft3,lb  = 13.54 [ft3/lbm]
Vbar1vent,ft3,lb = 13.37 [ft3/lbm] Vbarstp,ft3,lb  = 13.1 [ft3/lbm]
WCAP = 4087 [lb/hr] wlb,sec  = 1.135 [lb/sec]
Z = 1 [unitless]

17 potential unit problems were detected.
EES suggested units (shown in purple) for rho_inlet  rho_vent  .
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{this sheet calculates the maximum flow of liquid argon into the LAPD tank during filling}
{the calculation assumes the flow is all liquid - this is conservative because ambient heat input and pressure drop (flashing) would
create vapor which would reduce the mass flow rate}
 
{P1p = 100+ 14.4} {fill line inlet pressure, psia}
 
elevation_head_psi = (336/12)*rho_fill/144  {pressure head due to elevation, psi}
 
P2p = 14.4 +1.1*3  {Tank maximum pressure, psia} 

{P1p = P2p + 50 }
 
L_fill_Cu_ft = (485 + 60 + 96 + 137+108)/12 {Type K pre-insulated copper length}  {+ 498/12  {1 inch sch 10 length}   {linear
 length of fill line pipe in ft}  }
 
K_fill_Cu_pipe = f_ci_fill_Cu*L_fill_Cu_ft/D_fill_Cu_ft     {resistance of the 1" Type K Cu straight pipe itself}
 
g = 32.174 {gravity ft/sec^2}
 
A_fill_Cu_ft2 = (PI/4)*(D_fill_Cu_ft^2)   {cross sectional area of the 1"  Type K copper supply pipe  ft^2}
 
D_fill_Cu_ft = 0.995/12   {convert ID from inches to feet}
 
DELTAP_fill_psid = P1p - P2p   {flow pressure drop psi}
 
{----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------}
 
{For the 1" SCH 10 SS pipe from the fill tank to the pump discharge - this is not the intended fill path but is the path of least
resistance to the tank}
L_fill_SS_ft = 498/12  {1 inch sch 10 length} {linear length of fill line pipe in ft}  

K_fill_SS_pipe = f_ci_fill_SS*L_fill_SS_ft/D_fill_SS_ft  {resistance of the 1" sch 10 straight pipe itself}
 
A_fill_SS_ft2 = (PI/4)*(D_fill_SS_ft^2)   {cross sectional area of 1"  SCH 10 supply pipe  ft^2}
 
D_fill_SS_ft = 1.097/12   {convert ID from inches to feet}
 
{Reynolds # calcs for f}
Re_fill_SS = 6.31*WCAP/(dsmall_fill_SS*mu)  
 
dsmall_fill_SS = D_fill_SS_ft*12  {internal diameter of pipe in inches}
 
{calculate the equivalent length l that includes the tees, elbows, and inlet between the vessel and relief valve piping}
{K410_fill_SS = f_ci_fill_SS*L_eq_fill_SS_ft/D_fill_SS_ft  }
 
{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci_fill_SS) = -2.0*log10(epsilon/(3.7*D_fill_SS_ft)   +   2.51/(Re_fill_SS*SQRT(f_ci_fill_SS)   )   )
 
{Resistance coefficients from Crane 410 }
K410_fill_SS = num_elbows_fill_SS*K_elbow_fill_SS {elbows} + K_fill_SS_pipe  {straight pipe} 
K_elbow_fill_SS = 20*f_T_fill_SS
 
num_elbows_fill_SS = 14   {number of elbows in the SS line, flows thru the branches of tees are counted as elbows because the
 elbow is less restrictive}
 
{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}
1/SQRT(f_T_fill_SS) = -2.0*log10(epsilon/(3.7*D_fill_SS_ft)   +   2.51/(Re_f_T_fill_SS*SQRT(f_T_fill_SS)   )   )
Re_f_T_fill_SS = 1E8  {A large Renolds number is input to get the fully turbulent friction factor}
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K410_SS_to_Cu = K410_fill_SS*(dsmall_fill_Cu/dsmall_fill_SS)^4   {convert the SS pipe resistance to equivalent copper pipe
 resistance}
{Ka = Kb*(da/db)^4}
{----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------}
 
{specific volume of the argon liquid at the supply piping inlet}
Vbar1_fill_ft3_lb =Volume(Argon,x=0,P=P1p)
 
{Reynolds # calcs for f}
Re_fill_Cu = 6.31*WCAP/(dsmall_fill_Cu*mu)  
 
WCAP = w_lb_sec * 3600  {mass flow in lb/ hr, converted from lb/sec}
 
dsmall_fill_Cu = D_fill_Cu_ft*12  {internal diameter of pipe in inches}
 
mu=Viscosity(Argon,x=0,P=P_average)/2.42    {liquid argon viscosity, cp, converted from lb/ft-hr by dividing by 2.42}
 
{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci_fill_Cu) = -2.0*log10(epsilon/(3.7*D_fill_Cu_ft)   +   2.51/(Re_fill_Cu*SQRT(f_ci_fill_Cu)   )   )
 
epsilon = 0.00015 {ft} {absolute roughness in feet for drawn tubing = 0.000,005, for commericial steel = 0.00015}
 
{Resistance coefficients from Crane 410 }
K410_fill_Cu = num_elbows_fill_Cu*K_elbow_fill_Cu {elbows} + K_fill_Cu_pipe  {straight pipe} + K_pipe_exit  {pipe exit} +
 K_valve_cryolab  + K_valve_eden_Y + 2*K_valve_eden_globe + K410_SS_to_Cu
 
K_pipe_exit = 1.0
 
K_elbow_fill_Cu = 20*f_T_fill_Cu    {resistance for an individual elbow}
 
num_elbows_fill_Cu = 3 {type K} 

{+ 14  {1" sch 10 , this counts both elbows and tees for ss, this is conservative for this calc because tees have more resistance
than elbows in this instance}  {number of elbows in the path from the vessel to the relief valve}  }
 
{convert the mfg valve Cv values to K values}
K_valve_cryolab = 890.3*(dsmall_fill_Cu^4)/Cv_cryolab^2   {Cryolab valve on the fill line}
Cv_cryolab = 15.2
 
K_valve_eden_Y = 890.3*(dsmall_fill_Cu^4)/Cv_eden_Y^2   {Eden Y valve on the ss piping}
Cv_eden_Y = 27
 
K_valve_eden_globe = 890.3*(dsmall_fill_Cu^4)/Cv_eden_globe^2   {Eden globe valve on the ss piping}
Cv_eden_globe = 18
 
{calculate the equivalent length l that includes the tees, elbows, and inlet between the vessel and relief valve piping}
K410_fill_Cu = f_ci_fill_Cu*L_eq_fill_Cu_ft/D_fill_Cu_ft  
 
{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}
1/SQRT(f_T_fill_Cu) = -2.0*log10(epsilon/(3.7*D_fill_Cu_ft)   +   2.51/(Re_f_T_fill_Cu*SQRT(f_T_fill_Cu)   )   )
Re_f_T_fill_Cu = 1E8  {A large Renolds number is input to get the fully turbulent friction factor}
 

{Pressure drop acordding to Crane equation 6-8 page 6-3}
DELTAP_tank_fill_line = (3.3591E-6)*(f_ci_fill_Cu*L_eq_fill_Cu_ft*WCAP^2)/(rho_fill*dsmall_fill_Cu^5)
 
rho_fill = Density(Argon,x=0,P=P_average)  {density of liquid argon saturated at the inlet supply pressure}
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P_average = (P1p + P2p)/2

(P1p - P2p) = DELTAP_tank_fill_line

GPM_equivalent = WCAP {lb / hr} * (1/60) {1 hr / 60 min} * (1 / 11.63)  { 1 gal / 11.63 lb lar}
 
{check of the velocity in the pipe}
velocity_ft_sec = 0.16*WCAP / (rho_fill * PI *dsmall_fill_Cu^2)  {velocity of the flow in ft/sec}
 
{mass flow rate in pounds per hours}
WCAP=23556
 
{Equation D.37 from API 2000 section D.9 allows conversion of this argon mass flow to an equivalent air flow}
 
q_air_SCFH = (x/M_air)*W_fl*SQRT(M_air/T_air)*SQRT(T_i/M)
 
q_air_SCFM = q_air_SCFH/60
 
{q_air_SCFM = 4377}
 
x = 379.46
 
M_air = 29
 
W_fl = WCAP
 
T_air = 519.67
 
T_i = 519.67
 
M = 39.948

elevationhead,ψ =
336
12

 · 
ρ fill

144

P2p   =  14.4  + 1.1  · 3

Lfill,Cu,ft  =
485  + 60  + 96  + 137  + 108

12

Kfill,Cu,pipe  = fci,fill,Cu  · 
Lfill,Cu,ft

Dfill,Cu,ft

g = 32.174

Afill,Cu,ft2  =
π
4

· Dfill,Cu,ft
2

Dfill,Cu,ft  =
0.995

12

∆Pfill,psid  = P1p  – P2p

Lfill,SS,ft  =
498
12

Kfill,SS,pipe  = fci,fill,SS  · 
Lfill,SS,ft

Dfill,SS,ft
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Afill,SS,ft2  =
π
4

· Dfill,SS,ft
2

Dfill,SS,ft  =
1.097

12

Refill,SS  = 6.31  · 
WCAP

dsmall fill,SS  · µ

dsmall fill,SS  = Dfill,SS,ft  · 12

1
fci,fill,SS

 = – 2  · log
ε

3.7  · Dfill,SS,ft
 + 

2.51
Refill,SS  · fci,fill,SS

K410fill,SS  = numelbows,fill,SS  · Kelbow,fill,SS  + Kfill,SS,pipe

Kelbow,fill,SS  = 20  · fT,fill,SS

numelbows,fill,SS  = 14

1
fT,fill,SS

 = – 2  · log
ε

3.7  · Dfill,SS,ft
 + 

2.51
Ref,T,fill,SS  · fT,fill,SS

Ref,T,fill,SS  = 1 x 10 8

K410SS,to,Cu  = K410fill,SS  · 
dsmall fill,Cu

dsmall fill,SS

4

Vbar1fill,ft3,lb  = v 'Argon' , x =0 , P =P1p

Refill,Cu  = 6.31  · 
WCAP

dsmall fill,Cu  · µ

WCAP   =  wlb,sec  · 3600

dsmall fill,Cu  = Dfill,Cu,ft  · 12

µ =
Visc 'Argon' , x =0 , P =Paverage

2.42

1
fci,fill,Cu

 = – 2  · log
ε

3.7  · Dfill,Cu,ft
 + 

2.51
Refill,Cu  · fci,fill,Cu

ε = 0.00015

K410fill,Cu  = numelbows,fill,Cu  · Kelbow,fill,Cu  + Kfill,Cu,pipe  + Kpipe,exit  + Kvalve,cryolab  + Kvalve,eden,Y  + 2  · Kvalve,eden,globe

 + K410SS,to,Cu

Kpipe,exit  = 1

Kelbow,fill,Cu  = 20  · fT,fill,Cu

numelbows,fill,Cu  = 3

Kvalve,cryolab  = 890.3  · 
dsmall fill,Cu

4

Cvcryolab
2
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Cvcryolab  = 15.2

Kvalve,eden,Y  = 890.3  · 
dsmall fill,Cu

4

Cveden,Y
2

Cveden,Y  = 27

Kvalve,eden,globe  = 890.3  · 
dsmall fill,Cu

4

Cveden,globe
2

Cveden,globe  = 18

K410fill,Cu  = fci,fill,Cu  · 
Leq,fill,Cu,ft

Dfill,Cu,ft

1

fT,fill,Cu

 = – 2  · log
ε

3.7  · Dfill,Cu,ft
 + 

2.51
Ref,T,fill,Cu  · fT,fill,Cu

Ref,T,fill,Cu  = 1 x 10 8

∆Ptank,fill,line  = 0.0000033591  · 
fci,fill,Cu  · Leq,fill,Cu,ft  · WCAP 2

ρ fill  · dsmall fill,Cu
5

ρ fill  = ρ 'Argon' , x =0 , P =Paverage

Paverage  =
P1p  + P2p

2

P1p  – P2p   =  ∆Ptank,fill,line

GPMequivalent  = WCAP  · 
1
60

 · 
1

11.63

velocityft,sec  = 0.16  · 
WCAP

ρ fill  · π · dsmall fill,Cu
2

WCAP   =  23556

qair,SCFH  =
x

Mair
 · W fl  · 

Mair

Tair
 · 

Ti

M

qair,SCFM  =
qair,SCFH

60

x = 379.46

Mair  = 29

W fl  = WCAP

Tair  = 519.67

Ti = 519.67

M = 39.948
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SOLUTION
Unit Settings: [F]/[psia]/[lbm]/[degrees]
Afill,Cu,ft2  = 0.0054 [ft2] Afill,SS,ft2  = 0.006564 [ft2]
Cvcryolab = 15.2 Cveden,globe  = 18 
Cveden,Y  = 27 ∆Pfill,psid  = 86.39 [psi]
∆Ptank,fill,line  = 86.39 [psi] dsmallfill,Cu  = 0.995 [ft]
dsmallfill,SS  = 1.097 [in] Dfill,Cu,ft  = 0.08292 [ft]
Dfill,SS,ft  = 0.09142 [ft] elevationhead,ψ = 15.83 [psi]
ε = 0.00015 [ft] fci,fill,Cu = 0.02304 
fci,fill,SS  = 0.02251 fT,fill,Cu = 0.02281 
fT,fill,SS = 0.02224 g  = 32.17 [ft/s2]
GPMequivalent  = 33.76 [gal / min] K410fill,Cu  = 44.38 [ ]
K410fill,SS  = 16.44 K410SS,to,Cu  = 11.13 [ ]
Kelbow,fill,Cu = 0.4562 Kelbow,fill,SS = 0.4447 
Kfill,Cu,pipe  = 20.52 [ ] Kfill,SS,pipe = 10.22 [ ]
Kpipe,exit  = 1 Kvalve,cryolab  = 3.777 [ ]
Kvalve,eden,globe  = 2.693 [ ] Kvalve,eden,Y  = 1.197 [ ]
Leq,fill,Cu,ft  = 159.7 [ft] Lfill,Cu,ft  = 73.83 [ft]
Lfill,SS,ft  = 41.5 [ft] M = 39.95 
µ = 0.1734 [cp] Mair  = 29 
numelbows,fill,Cu  = 3 numelbows,fill,SS  = 14 
P1p  = 104.1 [psia] P2p  = 17.7 [psia]
Paverage  = 60.9 [psia] qair,SCFH  = 262616 [SCFH]
qair,SCFM = 4377 [SCFM] Refill,Cu  = 861337 
Refill,SS = 781249 Ref,T,fill,Cu = 1.000E+08 
Ref,T,fill,SS = 1.000E+08 ρfill  = 81.4 [lbm/ft3]
Tair  = 519.7 [R] Ti = 519.7 [R]
Vbar1fill,ft3,lb  = 0.01286 [ft3/lbm] velocityft,sec  = 14.89 [ft/sec]
WCAP = 23556 [lb/hr] Wfl = 23556 [lb/hr]
wlb,sec  = 6.543 [lb/sec] x = 379.5 

13 potential unit problems were detected.
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l&494. u 70 9E 39

3
2000 182 t9-0HXr, t 04t) t8.-zro t5 7l lt¡0 tto LI

TESIING: FLATTENING REST¡LT: PASS
RESIILT:
RESTILT:
RESTIL:I:

WE EENEEY CERTEYTEAT TEE ÈIåTERIAL DDSM,"E"ffi
AND TESTED IT{ ACûÍNDANG WrfE 1tr8 SECIF:IOTTION

REMANK : ÞTÀTERIÀLFREE OF MERCT¡RY COIVTAIilINATK)NNOWE.",REPÀIR
RF-QA- 0ll 200Er0t5/s

MILLTEST REPORTS R'RNISHED BY
MIDWEST SPECIATTY METALS, INC.

DATE

CUSTOMER

YOUR P.O.

OUR ffiDER NO

Re'y. 2 :09Æ0
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TT{AI - GEII}IA}T PRODUCTS PUBLIC CO., LTD
MILL TtrST CERI-IIICATE TO EN IO}O4I3.TT]

ISSUED DATE
9NNO.

ÌvfESSRS.

L,/C NO.

24l8r2008

200u040 oRDER2
ü.fyorcE No.
CUSTOMER'S REF- NO.

TCP2008/l 78

NORC-A INDUSTRIAI COMPANY Lt-c
s2s/oo737S

STA¡{D^-RD SPECII-ICåTION: ¡î-SrM /t ]l
3-yrlrr"_- 

--- 
| 

-orv- 
[úr:r3ì Il!:^-r'l

NO. lOD.XThkkXL4!g1h PRODUC.I'ION

lm0
2000

PROCESS : r¡/Ê¡.ÐED

FIIYISE : AI{NE^LED AND piCKLE{)
TESTING : FLÀTTENING RESUI,T: PÀSS

RESULT:
RESULT:
IìESULT:
IìESULT:

t tF-^T -Ì-IìF-^Tl}tf¡{-r' : I r}40 C ìrÀ ra'R OUE¡rOrrNG
suRF^cE r( DIMÍ:NSION^L COMrnc)f- Ì!y yfsu^L 

^ccoll¡rNc 
TO^ 

"9 : GOOÞ

9/}: I¡ENEBY CT'RTI}-Y TIì^T TIIE È'^TERI^L DF^'CB.IBED NFÌ' IN rr^S DEEN MÀ*,J'ACTURED
AND T¿ST€D fN ACCORD^NG WITII TIF- SPÈCI}IC^TION

a'\
ASSUR-Ë.D I]y,.--Y.:T s*' -

a^ D¡rsro-NMÀ1ilõER
REMARK: M,q,TERIÀL FREE OF I\IERCURY

RF-Q,A. - 0n 2úacylog

CONTAMI¡íATION NO V/ELD REPAIR

MILL TEST
MIDWEST

DA

CUSTOMER

r
YOUR PO,

REPORTS FURNISHED BY Rcv. | : lZ43
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INVOICE NO. : TGP2008il 12

CUSTOMER'S REF. NO. ; 525loo1a6?

THAI . GERMAN PRODUCTS PUBLIC CO., LTD
MILL TEST CERTIFICATE TO EN 10204/3.18

27rcn008

2008/029 oRDER 2

ISSUED DATE
S/N NO.

MESSRS.

L/C NO.

STANDARD SPECINCÀTIOÑ : ASTM A 3T2
TE DIMENS¡ON QTY t

No. OD. X Thich X Length
HEAi/

PRODUCTION

290-24 FM2LZ4M515
nlso FM0t22055t 1

toq.ts pivrolziä5slz

3s1.6i FMróo7o35ti
795.25 FMl6O7òi5t I

397.63 FMIó06035t1
t2s6.gg .ffi¡sdisioa
Gg.B3 nwri5z¡o+¡-o¡

CSi
0.035 l_00

0.035

0.035
t.2t4 0.039

t;t44 0-036

r.585 0-02E

r_i85 0.028

t.469 0.024

1.67ì 0.032

t.850 0-035

0.0r0 8-055 t8.368
o.ilro E.075 rs.o76

8.074 l8-084
8-r65 18.356

8.165 18.356

8.097 t8.2'72

8.093 r8.323

8.098 r8_085

8.075 t 8.09t
8-065 18.t27

Wir

!PqYS . TS EL Static test i tening

75t70
. MIN-, MIN.

l5
l5
t5
l5
l5
ló
l6
i6

-17
t7

83

83

83

84

84

84

85

85

85

84

t0
ól
37
2i
-:)
4

I
4
ì8
1

35
MIN. MIN-

0.030

Max

3900
ó5 94

os 9s

40
4l

0.035 0.322
0.035 0.325
0.035 0.325

0.035 0.386
0.035 0.420
0.035 0.561

0.020 D.362
0.035 0.464

0.0r0
0.009

0.009

0.0t 1

0.0r 0

0.009
0.01 r

0.00ó

3
j
3

2

¿

4l
39
39

39
38

39
40
39

98
%
ei
ioo
iõi
99
r0õ
tt

70
eio

69
n
7i
7t
io
n

3900 13.1

2600 21.0
2600 21.0
1600 42.9
1600 4).e
ló00 42.9

1900 36.9
ì900 36.9

PROCESS: WELDED
FINISH : ANNEALED AND PICKLED
TESTING : FLATTENING RESULT: PASS

RESULT:
RESULT:
RESULT:
RESULT:

HE,{T TREATMEI'{T : lf}50 C WATER QTIENCHING
SURFACE & DIMENS¡ONAL CONTROL BY VISUAL ACCORDING TOA 999 : GOOD

ìVE HEREBY CERTIFY TIIAT TIIE MATERIAL DESCRIBED HSRE IN HAS BEEN M.ANUFÀCTUREI)

ÀNDTESTf,,D IN ÀCCORDANCE \ryITH T}IE SPECIFICATION

ùr
247-o7 a)

ÀssuRED ev'-...:-.:.1:P.S-Y'......"-.'
QA DIVISION MANÀGER

REMÀRK : MATER]AL FREE OF MERCURY CONTAMINATION NO WELD RE,PAIR

RF-QA-01 1 2008/029t7

\>r

Rev.2 : 09i50
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tFHtF=çBroIHERs 
c0RP0

22 North Chestnut Avenue ' Marshfield' Wlsconsin 54449

Tarmb¡nrrc f715) 384-31 21 'Fax (715) 387-6837

MATERIALTEST BEPORT
lnsPection Ce rlificate

See AdditionalTests for Dual Certification*i0
Telephone (715) 384-3121 'Fax

PAGE NO. I

ORDER NO. ?49?3:-ì

cusT. PO. ì.¡O. ñrl -:i9.137

DATE SHIPPED l?, t/|!t) /iìg
NICKEL I

B,r7l
.IITBOGEN MOLY COPPER

HEA'T NUMEEB CABBON MÀN¡G- PHOS suLFuR lslllcoN

TP l1 'ra I "?l
,1.f IL}NE *

fuoeoo) _ 02'1 ,1 l-) (l:l? (ì 1 :l 5t
5

ABCEFGHIJMNOQRV

TEST REPORTS FURNISHED BJ

VTST SPÈCNLTY METALS, INC.

B8ßOC37F,OO85 Rts

Alr'TM SPecificatio¡r Revision
A77B = Ol A774 = O6

¡¡l-r,l - l)? A4O3 = 07

4269 '-= (t7 A249 - 07

Felkel Brothers Gorp. does not usc mercury ¡n the

produetbn nor in the tesdng of ¡ts Products'

It ls cerlÙlted üat al! figures are GÐrrect as corrtained

I rds ol the comPanY'

2't3-a?

S. 1ünC Fadlographlc Exam 5Â/4312 55

f - 7}fn:/. RadiograPhlc Exam
AddlüonalTests= ''-îål"u"n 

Annealed 1 g{fu"F

B.TónsþnTeõt
C.Bend Testßev- Bend Test

D.H¡ldroctaüc Tesl
- E;Piddà/Pa$¡vad A38o

t,,f-e¡AY cuffênt - (weld) E426
. .: .ì,. ì, ._:,

G-Etchlng (Weld)
H-Dlmenslonal
l- Vlsual
J. 304/304L Dual Gertlfcaìlon
K. 316ß16L Dual Certiflcaüon

M-Eddy Cunett - (Full BodY) Ea26

N. FhngeTest
O- f buen in g/Heìr. Fbtten ¡n9 Tesl

P. SA4æ
Q.Gorrosion - ASTM - 

^û2- 
Pass

R. DIN 50049 3.'l\EN 10204 3.1 á\^" u,:E s/{)

Level-s

U. NACE IIRO1
V- PED

q

L ASTiI A 312/ASME SA 312y
!].r:ot-lu
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MillTest Report

MILL ITUI T{EI'UI-IIU TUHNIÞI-IEU EY
MIDWEST SPEGIALTY METALS, INC.

DA'1EJa@/-0UR ORDER N0. /aôîc/ .

, Gommodit¡l

rcPw't4577

: STÀNLESS STEELWELDED PIPE :TA GHEN INTERNATIONAL, INC'

EN 1020+3.1 / DIN 5004S3'18

TÀ CHÉN STAINLESS PIPE CO. l.TD.

NO. l25HSIN-TIEN 2ND ST"

IENG'TEI{, TAINÀN' TÀIWÀN
TEL:106)2793254 IAX:{06)201382

COIINfRY ORiGIN :TAIWAN

: fA GHEN STAINLESS PIPE CO'' LTD

l-23808/It/t49'l 94990... C¿rtifi care No : 1P066 1 003

Ðate z 2g}9lilt1 lNyOlGE No : QÀ02IPD661

Cu-çlsmer

Shipper

Speeification

Grade

Supply Gondition: ANNEALED AND PICKLED

. ASTM A312-2OÐ7 STM 4999-2004Ðest¡nation :

Customer O/N

Factory O/tl

Chemical Composition in %

18.',140

18,200

? scHlos2o(0.1Ùr)

M4S1g4g90

¡ scH4os 20(6.1M)

M49J 94990

3' scH't0s 2ü[ô.1M)

M49194990

3' StH4os2ü{ô.lM)

M49194990

3-1ì2' ScHlÙS2ü(ô.lM)

M49l*ß)90

M49194990

07,078,f/s

fi'fi1r,ø ,ñjfia

únee,æ2,æs

ffiÞ'tÉF

u$,øs,oso,mt,oseoss

044,04s,046,047

l51l00A
TAfWAN

TÀTWAN

152391A
TAIWAil

152385
TATWAN

TA]WAN

Ét'r ¡A '

TA}WAN

Remarks

Hs¡
T¡m¡

TEMP.
oF

Dlmsioo
Àûd

Sufacc
Cæditi6

FIydrueric

Tcsr

?SI

Item

No.

Tensile TeslGaSe Llh x W-Ltiì=50tßm x 12.5mm)
Hard¡esr

Tesl

HRB

Bend

Test
Flanenirg

Tæ¡

0.2% Yield

Sùengith
PSt

Tensile

Sbength
PSI ù/o

13

14

15

't6

'17

1B

44200

44600

45500

40300

40600

474DO

91300

94900

s0100

86700

9tx)o0

93900

49.00

50.00

51.00

55-00

50-00

50-00

82-00

82-û0

82-00

83.O0

85.00

E4..00

OK

OK

OK

OK

OK

OK

1360

r960

-{960

1960

1960

1 960

OK

OK

OK

OK

OK

OK

'l4go

1900

'to00

-t900

900

900 æ-æ dfu'^F

-ìÉ

d correct everrt detail
bïñ;;ühËcãrtified by LRQA (cerl. no'TWNoe36e2Ð @dionÆeorgeY
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CUSTOò]IER P O

f;fff'rfi"¿tBÊ'J+l'3 19ü

CERTIFICATION REOUIREMENTS

wtl

ENGINEERING
ÃsiM Á z¿s¡¿lå/4269.o4/AS M

HYDRO PRESSURE
500 PSI

CUSTOMER PART

HE/T TRE.AT

Annealed at'1900 D

MILL TEST REPORT
RM D NUI'4BER

1 01 529

SALES ORDER / RL.S

002855 / 2

CERT ID / REV

0001 0908 / 01

020

T EST
Teneile PSI

Yleld PSI

Elong %

F. and water

Cr
L8 .2

Hardness

RB84
TEST
FlaRening

(tJNsg S3o4oo/s30¿+03

Mn
1,42

uonched to bElow 800 De

iå"fJlH,*.' :::: 7Y,oqTG Root Bend P¿ss älr r0

:ì:i.î" E:ä ',n,t\
/

Ni
B,16

PSI

cBnlflcalion is in accordsnos wil,h ENl0204:200{ type 3 1'

chernicat contcnt is .¡ uv woiäÈi,'ùi'9n-,t-,iät¡;;1 ..,1its are in Englrsh units (inohes and pounõs)

N

.07

li:ütþ¡:"*ri"'^'j'$i'Ïl'ðÈ'î,x¡lçtt'^tix¿:tlillååi,"jîfrJ:"ildt'.t:e.J,f^tñl'ðËi,rH0ìi:qi'^i^ilgiii:l* maroriar is rree or cÒró work ro snhsnc€ mecnen'1car properr es

;f;;'r;ËJl'Ëüiiiiir¡liìii¿ i^ iccordsncc wrlh AsrM A380

. F. in leee than 3 minu

P
. 031

Mechanlca I

RESULJS
91 600
43700

58

RE S UL-T

Pass

Si
45

s
,011

MILL TEST BEPORTS FURNISHED BY

rvirÏiwldT sÞrcnuY METALS, ¡Nc.

oxe?-//¿ I ova
CUSTOMER

YOUR P.O.

oRDER NO.-@-z

K-eÐ-*^''**-
Rhk Ounc¡n . Quùlty Allurònc¿ I'l9r

Dal€ Prinled 09/05/2009

version 9.2.11 - page 180



Mill'Iest Reþort

MTLL TEST REPORT
v

MTRfi: YC-LtOOl2l-ol cuttomer#3 ¡qSA¡ ÞO#t P37399 So#¡ HP6217
llemËi,t88801113041#1 Bundlo#: 297080009-044 HaEt#; 78S85314

comnodtty ; PRIHARY ll0I R0LEDSTAII.ILBS STEEL PtATE curhm¡¡;

Alsl3ü¡0[ tlol FlNlsl{

$t¡c lllc¡tlon ¡,{$Ïll Æ40d10

,ô

x1

alto\

MILL TEST REPORT

t!n

llo,
Bundlc No,

irl
2

3

,t

5

2970¡0009.025

æ7t00009.026

¿970t0009.û27

æ70û0000-028

z$7080009.044

l)s¡lh¡lionr

H¡ot Ìlo.

Thls MTR contalns I pôge (Pågei 1)

B{ t(Eg'3.r ,Dlil 50tu$3.t8

70s611 I 4

7856$ I 4

7856$ l4

76S5Ì069

78565ll I

Page2 ofZ

0.0'x ,l20'

0,10i'x60.0'r rm'

0,1Ei'x 80.0'I t20'

0-107' )( 60.0'i( 120'

0.t87'x 60.0'x t44'

s¡, 0402ß00ôA

9b¡

l0m

No,

0,tT, Ylçld

Strunglh

PSt

TÂ CHEI^I SfAIl'¡tË$g PIPE CO., LÏ0.

N0, t2t Hgfi'nÐt ilD8I, }l$llllEll

JEtü.lEll, TAll¡ÀN, IAIIIAil

TÉL;{6PTßã{ tAX;106)1?ûlsl

C0UIITHY 0Bl0lHr'lÀlVlÀl,l

fùnr[! Iôrl

¡uãnui

PcÈ

Tenrlle

thcngllr

PSf

1

2

3

4

E

Ç¿¡gfiç¡1¡ ¡l¡; YC-LI 0û12 l'0 I

392m

3s200

39200

40460

39200

tl€iÍtrl

Kn

¡¡¡, 10/ù100

Eon!oll0n

85060

E59ô0

0 59ô0

90s80

859ô0

c

Bducllçn
ol Arcr

s

1 54¡

I 543

r 54f

t55,4

r64i

s

Chcn hrl Comporitlo

Hid¡c¡r

lol
HRB

hfotil Nù,.0402|sü76

0.0t

0.01

0.01

0.cl

0,0r

t{n

il

5l

5l

6l

5t

030

036

0.t6

0.t8

ü.$

ìllle hdóòi ærú/ liìe aDo,c ¡ldeoeìl lû04 trle ori 0fiml tvÈÌ dcl¿il

P

Br ¡d

Tcrl

r.4d

r.461

r.46(

t.47

r¡t

g

lPqel$l

Hl|t

fmtnrl
ÏEUP,

oÉ

c,ü

0.fi

C.0l

0.9

0.ol

ln !É

rlr

82

E2

8t

82

82

0,011

0,0t I

0011

0 t0{

0.0 tt

Cr

Dlncn¡hr

.And

Surhte

Curd ilbn

l.r(

t,t(

t.)q

¡ c41

ilû

l¡o

ì¡,ä1

tlã1

rBl¡r

ü r6i

r0Sr

lt

f TBÏUflHOD:

:,t llÊATÂtilrY$ß$¡ jl Bf l$f [l Et0r9ü.0TtEli $YÆil ü¿l{{ t tí0i14

t2l$lstf 16T ¡6trtE&to

rl kÁBË{N TESI;nr(rl?¡rB/ Nlll EllO $rltõ ül Á5 fi¡ &97

2. rl,lTE8ûflIl,ltlürCoffi sr0l l,lss:o

I CffiIRÐ FìE[M$ llTMUfff CO'JIÄI,INATDII

{.$fl rt{ tBtSÉ moft BnE À,0 tßR0Htsr

0oilÀl{lcEìTil}l 

^tî$5ll 

r0îcüf,i¡¡qfi :3 tcnS$1.

rtT[4$G4480$,

ß ffD¡$Iu/666{¡}üt¡tfrt

tx j,lt s¡s6.6Àl¿lfl"rD.

t.Tfls üffrFrüTÉ ø¡PtìÐt01 LEI t€042M

t.$0umEttlôc0

t930

1930

1930

r93 0

r93 0

fi le ://C :\TEMP\user\MTR, htm

1,0i 3

¡,ût¡

t.c33

c,$!5

0J3¡

Rnmn ¡lts

TA CHEN STAI}ILESS FIPË CO, LTD.

"ç*F 
þr

llnler¡llúFloiSËhr

1l/5/2008

7
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al D azss u
po

ilILL IEST NEPORT

Yo8/Jç'

I'tïR#: UCCLT6?¡ Curtcmtrlr LENl(Ël{ ?O#t t6253 9gür GG75Ð9
Itèñ*:.'l0872lfi3fHl-lt Ëußdlá#: 70501980 HeáB: 724018

ril*rÞFa t! ! t@ *.t
r¡ lq)rrã F

¡å lqtdi .r alol . a1,w, .. aa ¡ôl:tta¡a

TA CHEII INÏËRNAÏTONAL CORPORAÏON
ffiv,tächan.mm

lt/b?
)u;6')

¡wlæ,@@

MILL crRTrFtcÀIg B6 tN 10¡04/¡.1

fln" arqar

DB RúCBI'ÏION NÉ EN IIÊÒ¡/3.I

A{BO./À{tox-o6B -- tslrt ðÀ lð0-¡å^ 4úol'o{ r¡o.ô6

F¿Eç | U¡ I

Th¡5 MTR COfiÈätnS I Þågê tPågC: rÌ

üß uuNrru w.

lordlyÞd¡dqrùk til&ó.r#.{r

r ñ¡æ.4

ç¿.¿¡_r G'1.3

ffi-M
-*¡¡ää¡ï; "..'-'äirlüi¡it "'' *

fry.bM- ll@'l€É

lûzs.ao EI 363?,60 m

abæàRú
, 109?¿¡tl 30tt,lf

L.Fllo drlr tbd.(t)
llvlæèþH¡nh
LC&'lMrb

f.F-.fel-À¡t{

H.É!T,,.o*, I ozzo xo
i 1Ð2¡7 r¡r¡ll

MB¡Éa2a-o¿A.ts

tì le://C :\temp\raphael_2\tuf TR. htm

r6tr.¡h RsfLkznlÐ lrrl

UÈnhrtt,el¡T
MdEllurüi€ll D¿Ptnlì1fl ¡

2e lo6l2oÞ't it. v¡uNt5l¡

þ

r'

:ç To

ít
,1',

q
0

,î

t2118t7007

I
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Mill Tcst Rcport U(P BTft lt'.lLESS'-)

Custom€r#TKENCLE MTR#|T¡CL2aOO pO#: O#¡LBR495 Invotcc#:LÂClsl
Itern#: 7GA60304LZB Bundle#: F480858970N10 |

hunri -lìrigang Sluillcss Stcrl ('()..L'f t) ùf cl¡b
'I Hivuan Irr¡¡¡ anrl .Stcr:l ((,iroup) (.'<1.,L'!'l)

N (-). 2 j i n rr c aop i ng,'l'a i_v r r a n,sh n ¡ r x i. p. I{. C h i n n
'ì tjL: (03-s I )-'10 1 3128 f¡AX : 1035 I )-10 t 78 t 6
lrt t¡r://$.rvrr, .t isco,cotì¡. ult
l-. 

- nrail : I ghseliririsco.corn.cn

(-'t |STOfvf f.:R

INSPECTION

t'ro(lu(t

Tä Ch.n ti(cHtnt¡otral. fnc.

NO-ì;
ló
t'l
I8
lt)
20

2l

^1802t50
^2802 

I 68

^t802t50A280 I 140

^t802r50.4t802r50

I lrôr No.

CERTIFICATITI 0 R I 6 I l\l /\ i

cnRl f f:rcÂ'rE \o. lAflAoS l U 6A

TIA]'F-RìAI,

Cl¡cnricrl C0rn¡)rrriti0(

Sp¡f:ltjlC^t'l0N lAStÍ À2a0-01r,\480..0.1.,r
l.rsru,16tj0.¡ils 6ir:ì iin

F¡\f|085 Eó I 0N20

l\.lr:ll irr¿ lìrrIrrcc

E+VOD

I lcut No.

ÄrBolso 
_--..'*

u r r,l. T fsr-crirì r' aru,n.'ítl'ü-29

coil No, I trrr.h No.

FA80E58(,10N20

FA8085E6t 0N I 0

F^8055rr990N l0
P'l\80858570N l0
fiA80858580N20

A2E02 I 68

A I 802t 50

4280 r 440

Poge 1 of3

^r802150

8834ó252

88t4609 I

E8t4 6090

8814 607(¡

883,r 66 t5

883't6,18.1

8834ô483

lilslRtttr$.s¡ilnrfì

(*)

.\ tB02 r r0

,dr¡. zu

M,!c$nr¡cslPropcflis (Test

l,24a]f

st

NO.

Qnnill¡ly I l)irncrrsitus (irrch)

fvlürL 0l lltf Àlilr¡tl¡tctutcr

Shanxi Taiyua¡r Stftlnlcss S¡ccl Co..ltd

883 4óó I 5.'r

IoC^x60" xC:
l0(ìÂxó0" xCì
l(KiAx60" x(l
|OCA x 1f)" x C'

7GÂx60" x('
?(i^r60" xC

tooporaturo:20'C)

DArt.: (
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-El +1
META,IJIJTIRGICAI. TEST REPORT

NORTH AMER,ICAN STAIhILESS
6ETOEIGHVYAY 4zEAST
GEE¡TT,IçY41ßs

Certifícatez4t342L 3

cusgorer: 005518 001

You.:r orderz 2149

1IACQTTEÍ ¡ûD-I{tEgr
1908 DIIKO\TEN
RÀ.CftrE, tûE 53403

Date: 7 /2t/2OO8

SÈeel:

Fíaish: ER.èP

Page:{DACQI'ET ¡trrD-rùEsr
1908 DEKO1¡EN
RACTNE, r,ür 53403

!üÀsi ordar: IN 0047468 02 Cor¡osio¡3': .A,gIIr À2 62./ O2aE; 18OBea.d-OK

PRODUCE DESCRIPTION:
SffiA.IÌìtIrESS S'ÍIEEIJ PITATE' EOT .B¡[D PICKIJED-

QOS7 6 6D-à X MGIFRtrI, ¡[¡rKt5 511H,/À¡íS¡5513E ]OIRK, ¡ÍII¿O¿3Br å¡{tD3, :t CB¡ûGiâ.S
Chen or-ì.y for: AS¡M A276/A312IA/1791A4A4, ÀSI!!E 54312 |SIA479
.è,S@ Sect. II, 1995 Eèitioa, 1996 & 1997 à,éldle¡dta

REMâRKS:
Itrat']. Free of Mercu4' Coûtâñitatio¡. TIo weld =ef,¡airs.
EliI 102O4 3.1; QQS753F Coud À; RoES Coup]'iaa!
* llelÈed Ê llI¿r¡tuf,estured i¡ the USL
¡BCE MR01O3-2O05;NACE uR0175-2001; Eñ1020r1 3. 1b
¡fi-ai.u:a solution a¡¡¡eaI 1900 F-,úÍater eueûe.hed,

P¡oèucu Id PlaÈe* Skid # IlLichess Width lreigbt -------L@grr,b ¡[ark pieces cmodíty cod€

043yR1 DB 043rR1 DB p66997 50.O0O0 2,L0ø prÀTE 24O.O0 3 1

CHEDÍICAIJ å.NÀLYSIS CM(Gountry of Meh) ES(Spain) US(United States) ZA(South Africa)

EE;ÈT CM C CR CII II¡Í ¡IO N ¡rI P S

ûs .0219 18-30s6 -37a2 1.6931 -271L .0749 8.1305 .0298 .0006

SI

.3500

¡4ECEANfCAIT PROPERTIES
1al
o i mS -2% YS tLC,¡[Gl
c ! RSI KSI *o-Zn

F Í 85.1t9 38.¿5 5{.40 84.0O 75.53

7-10-a7
-ltl03

¿r_27--NAS hereby cerlifies that the analys¡s on th¡s certif¡cat¡on is correct and the
mater¡al meets the specitications stated.

É

QC ENGINEER
ERTC HESS

7 l2Ll200a
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J¡."L-¡l I o\7
NAS Nonrs Avmn¡c¡.N

SrAhry,gss

Cert'ificate: 377887 01 i"-'J.lo'--irÀcQnrT ttr[D-¡lEs1t

METALI.TIRGIC"AJ, TEST RTPORT

sJ¡:.P IO:
JåCQIÎEÎ ¡íID-V,¡EST
1908 DEKO\¡EN
R'jÀCrtiIE, Wr 53¿03

NÀs order: .AßI 0379335 01

Dat,.e= tLl2gl2OOT Pase: 1
Steel:

Fínísh: ERå-P

corrosiø. : AstEM, ¡.262 I O2aE,. l8oBeEd-OK

East
-9615

Custqrer:5518 001

Your OrdeÌ:IFERRY

1908 DEKOVEN
Fl[cr¡fE, T¡:r 53403

PR ôIITI(:l[ rrt.q(:R T Þ!D 1Oñ r

STÀINIJESS STE,EL PIJÀIE' Eef ROI¡IiED, Âì¡li¡EjÈf,tD ÀIID PICBIJED.

REMÀRKS:
Mattl Free of
EN 10204 3.1;

tqercury Coatantnation .

QQs763r Cond À; RoES
No weld repairs-

Cæ¡rJ.i¡ntÀs1ArA240,/O7,48O1O6b,666103, 48OlO4,5A666/04
QQS?65D-À X MGPRM,ÀMS5511H./ ,{rt 4A43g,.BSD3,X CRIüÍEÀS

Prod !üidrh
59018
59019

60.0000 3,27o
60.0000 3.270

240. 00
240 -OO

CIfEMTCAL .AN.ALYSIS CM(Country of Melt) ES(Spain) US(United States) ZA(South Africa)

CM
US

ccR cg uN
.3t2 1.726

uo
.303

NNI
.083 8.290

P
.030

ssr
.001 .381.018 18.208

MECII.â,NICÀL PROPERTIES
1dt
of.

.22" \S ELONG Hafd
KSI oto-2o RB

P59018
P59019

o22YP7
o22AP?

F T 87.35 37.64
F fr 87.3s 37 .64

60.01 81.50
60-01 81.50

d>/<

NAS hereby c€rt¡fies that the analys¡s on this certification is correct and the
materiaf meets the specifications stated.

¿lzø-OC Eß¡GITiIEE¡.

ERIE HESS

Ltt2el2007
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Ëfi{ÌÍÈZîJtr7¡lfr=tÊTf T100-000{ EHëßfftEE,(+El'=TE 6* I Ë
2+1, olefi edi,ChivodaloJokvo I 0G0004Jaoan

& Sumikin Stainless Steel Gorporation ¡-\.ffiflËFÍ :ï80s-00s8 1tÍ.l|lifi'^lñHE^+il'rE?llËf 2 1 0 8 - 1

ôt
Heed Office

æt!æË
Contrad No. 8-868-TH-5-5-8H24 flü+tËä-ÊrTEEË

INSPECTION CERTI FICATE
ileE#€Ê:

#æ*,Ë4#Ë:
custme/scontrclNo. P0 2fì69 RFV02

CertincateNo. 2-0J0.. ..Pqqe 1

#-¡4FE:
Date O,f lssue 2008-06-11

t

E05 2
3SSSRÏr 026 r

# æ *.Cusþmer JÀC0UET illtlUlEST lftC_

+È

-t ;*
D imens i on
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E E
-!Ê

Mass
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KI:

Ìc¿fiãË
Heat l,lo.

*fiæË
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!
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n00 xo4 Iloa lm
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30 75 t0 IT 2n1 7t 2n Á. 2t
öu
n5
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t¡Ax

JS J[IER S )TEL. MIN
MôY

30 75
l nft

10
q2 1î AI -?f

Etl
tft 5

t80t
,nnt 4

itÄ)t

qÃ' Y, t 
^n'

35C2¡ 1n008-n icl ?7 8¿ ;, ¿.(t
iJ 1Z 9Ut ül

TNTÀ
JU
,7

iULUII(JN I
lnPpns tni¡ ill

TR EÀ
lÀs

Itt{ LI ÀtA
'l-li 

d'l
dffoilrt
FlÞL'rfÞlr

Áì.
¡

ll-r
tt
1

IAT l0l

ISUAL & In urFl n Þf
S luN/

lFt
INS]

F NF
r,rlr,lrAr
T ÁIMIf N I nil !nf IN tÂf N

\s rut A4öu-
IS PFR FI'¡

Jb;
t0:

t5ilt l
)4 CEt

t4öu*
TIFIE

Jr rlbl-u31,
? tÄil I TFI!

ii¡5-c ;/ !,

ocation{lrientet¡on tïË'ã-lâJ T: ottm, L:EEã'ÊI Loncitudinal, C:EÊã-l¡l Transverse l.:&tr-frÉJ Throueh Thickness, R:45' ,TlÊl 45Dee to the Loneitudin¿
Leneth, A:50r¡n+lÉË*hRectangrla Round C:70m¡*Bä,ähRectaneular, D:7ftmíÉS$HRound, E:80m¡FËËÈäÉRectancular, F:80nni'#H#hRound, G:200rim H:2', l:t

ion 0f Area Y.R:Ë?lîlt Yield Ratio able@2:2.Smr,3:3.3nn4:3.33m,5:5.(}nn,6:6.67nn,7:7.Smn 8:6.7m¡,9:æ#fiF Plate Thlckness@P:ãIfiâåñ Product Analysis
ed, Q:HÂlt Quenched, 'l:ffiFL Ten ed RoTled ì|IC:f{lC Process, CLC:CLC Process

Axis
, J :5. 613o

d Heal Treatment
lÊÈXÉlåfl ffi Êøñæt f.. ttËffi tcft : -r&iËÈ tl - < Ø æ*ryq&ñE t, ( v: õ t ¿ ÊEEE l, Ë9,

'IfE HEREBY CERTIFY THAT THE i¡ATERIAL DESCRIBED HEREIN HAS
BEEN i,ADE III ACCORDANCE I{ITH THE RULES OF THE CONTRACT.

9r
-/a- ¿7

Group Manager,Plate Ouality Control Dept.
Yawata Wõrkb

ìt
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CRONI

Potrdilo o prevzemu 3.1/
Àbnahmeprllfzeugnls 3.1 / Inspectlon
CerfifÏcate 3.1 eN tozoc 3.1 srran/seile/pago 1/2

!t.Nr./no. Datum/Datum/Date

31092217-1 30.7.2008
Na¡oðilo/Bestellung/Order Dobavní list/Lieferschein/Despatch N.
2096disp.27830 31092217 f¡om30.7.2008
IzdelekÆrzeugnis/Product Vrsta peði/lr4, Fumace
Plates B+VOD

t'6
f,uernc¡. t

[':" I

Naroðnik/Kunde/Custom er

ASTM A 240/A 2401v{/ED,04,ASTM ,4'480

JACQUETMID WEST 1908
DE KOVEN AVENUE W153403
RACINE
UNITED STATES

sME sA 480
ASM55I]It

ACRONI, d,o,o.
Cesta Borisa KidriÈa 44
Sl - 4270 Jesenice
T: +386 4 584'10 00
F: +386 4 584 11 11

E: upravaG)acroni.si

t PART AÆD.OI

o
Poz,Pos.ltenr

3

4

dobave / Umfans der Li
Sarza/Schmclz€n
Nr,/cast No.

I I
264446

Mehanske lastnosti/lVlechanÍsche EigenschaftenlNlechanical properties

St-vz,orca
Sample
No.

Sl.ploSÕe/Wåltztalel
/Plato No

88225
88253

Smcr
vzotc{ì
Posili
0n

88225
88253

Nap-
teðenja 0.2
%
Yield O.2o/o

KSI

I eZElGewichU
Wiesht

P

P

5593 |
5 593

Nap.
teðenja
t%
Yield
lVo
T¿ SI

44,36
42.04

Dimenzij dAbmessungen/Dimensions

Extent of mat.

0t
4,000x79x135

Nat.
Trdnosl
Tensile
KSI

53.06
49.44

*fl-S s..v¡n¡k¡ hdu'*¡.t¡tskt¡

Raztczck
A5%
Elongatio
n

89 3l
80 90

Raztoz
ek

^50%Elongat
ion

45.9
52.5

Jt.JruoK/Q,

I
I

'frclota

Ha¡dno
ss

Rockw
etl D
HRnR

72.2
77.1

St. V.Pr,
Nr.

z|.1
lmpaol
Ft]-b

88225
88253

87

80

zit.2
lmpao(
FILb

279
253

zil.J
tnpflct
Ftì"b

284
262

r 0nìp.
oF

283
258

68
68

v,
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CRONI

Potrdilo o prevzemu 3,1

ðr./r.rr./no., 31092217 -l

Kemiðna analizul Chemische Zusammensetzung/Chemical compositÍon

ù I

Sârt¡

264446

/ Abnahmeprllfteugnis 3.1 / Inspection Certificate 3.1

o/^t

0.01I
0,014

OpombelRemrrkr

FEAT TREATMENT: QUENCIIED ÄT 1050"C, WÀTER QUENCHED
- VISUAL.ANI) DIMENSIONAL CHECK : OK
- SPEC"TIIOMETER SORTING TEST ¡ OK
- INTERGNÂNULAR CONROSION TEST ÄCCORDING TO
ÁSTM Á, .- 262 ÌRÄCIICE E : OKI

NO\üELDREPAIR
MERCURYFREE,

0.31
0.34

1.56
l.5I

ACBONI, d,o.o.
Cèstâ Borlsà Kidri¿ã 44
Sl - 4270 Jesenice
Ti +386 4 584 I0 00
F:+3864584fí 'l 1

E: uprnva@acroni.sí
W: http://uvww,acroni.si

0.035
0.040

0.002
0,001

18. l3
18. l5

0.08
0.1I

8,16
8.15

u/aMn %Ti o/oN

U UEYõ

0 0991

u/64

U.UUUÓ

0,0005

\

aoo

Í#* J 
sbvhsr.ðinduörn'Jð¡erdô

0\
0

vLl
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CRONI

Potrdilo o prevzemu 3.1/
Abnahmeprllfzeugnis 3.1 / Inspecfion
Cerfifrcate 3.1 sw rozo¿ 3.t skan/seiteÆage l/2
St.l'lrlr./no. Datum/Datum/Date

31092103-1 28.7.2008
Naroðilo/Bestellung/Order Dobavni listfuiefersohein/Despatch N.
2096disp.27830 31092103 from28 7.2008
IzdelekÆrzeugnis/Product Vrsta peðiM, Furnace
Plates E+VOD

ffi@
I I I I ACRôNl,d.o.o.I -rozos ll -lozot I ;rnY;nflo,Jl""
I I I I r:+38645841000

L_ , I ::j;,,.ij.,.i","11,

-*b

Specifi kacije,/Vorsch rifr eni Specifications
ASTM A 240/A24OM]ED.O4,ASTM A48O

osBcr.fiPART A./ED-01
ASME SA 480
AsM 5513 H

Naroënilc/Kunde/Customer

JACQUET MID WEST 1908
DE KOVEN AVENUE W153403
RACINE
UNITED STATES

()
Poz.Pos.Item

I
2

2

dobave / Um
SarZErrSchmelzén

Nr./oast No.

Ililffi;l
ffisat
264442

Mehanske lastnosti/lVlechanische Eigenschaften/,lVlechanical properties

S t.plosÕo/Waltz(âl'eì
/Plate No

S t,vzorçû
Sample
No.

EE5Uz

88293
88294

der Lieferu

smef
vzôre
Positi
OD

88502
88293
88294

I ezal(jOWtOnU
V/ieoht

Nap'
Îeðenja 0.2

YieldO.2V¡
KSI

2t75
2485
2485

P
P
P

f t..
\ ,#- j srovc*rt ñ.ruetrtajckrâ

Nap.
teöenja
1%
Yield
t%
KSI

DlmenzlJe/iq.bm9SSü ngen/ i-Jlnl9nS,OnS

40.14

41.90
41.03

Extent of mat.

9{24U
L000x79x240
1.000x79x240

Nat.
Trdnost
Tsnsils
K.St

48.86
51.03
50.31

K nerek
A5%
Elongatio
n

86.41

87.57
87.43

ùt.stuct(¿Q,

t<aztaz

ck
t\50 o/o

Elongat
ì0n

56.,]

48.9
s4.1

I
I
1

I rdoffl
Hardne
ss

Rookw
elf B
HRcB

S1, V.Pr.
Nr

81,0

t3,0
80.8

88502
88293
88294

zl.l
Imnact
FlLb

86
86
86

zit.2
Impact
FtLb

2s5
27t
278

zit.3
Impact
FtLb

259
2',16

286

I emp,

259
263
283

68
68

ó8

L(
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AcTor.ri

Potrdilo o prevzemu 3.1 / Abnahmeprlifzeugnis 3.1 / Inspectlon Certifrcate 3.1

st./Nr,/no. '31092103-1 stran/seiteÆage 2/2

M6

Kemiðna a;l^aliza,l Chemische Zusammensetzung/Chemical composition

0.0I1
0.014

Opombe/Rcmarkr

HEAT TRX'ÄTMENT ! QUDNCEED AT l0s0oC,\ilATDR QIJENCEI)
-YISUÀLANDDIMDNSIONAL CRECK ¡ OK
- SPECTROMETER SORTING ITBT : OK
- INTERGRÄ]YULÀR CORROSION TESTACCORDING TO
^ASTMA-- 262 PRACTICEE I OKI

NOWBLDREPAIR"
MERCI]RYFREE.

,i/ñsi

0.31
0.34

u/¡ñ¡in

1,56
1,5r

ACRONI, d,o.o.
Cesta Bor¡sa Kidr¡ëå 44
Sl - 4270 Jesenice
T: +386 4 584 10 00
Fr+38645841111
E: uprava@acroni.si
W: http//www.acroni.si

U/^P

0.035
0.040

u/ns

0.002
0,001

u/¡(lr

18.13
r 8.I5

!/¡(ln

0.08
0.11

o/¡N I

8,16
8.15

u/¡lúõ

0.0896
0.0991

0.0006
0.0005

( r.r

\ #i";$ stovoñikàr^dueìrüâlskrð

ACRONI. d.o,o. /Ã>Iî
ccilâ Borija Kid¡ìèa 44, azló )esenic
Clatr slùD¡¡e stJ t
tr¡entlr'oiitáicn;an5recG,ou) k/

CRONI

ffiL
l'Ë*;i{:ru:

tl
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ThyssenKrupp Materials NA
Ken-Mac Metals Division

CERTIFIED CHEMICAL & MECHANICAL ANALYSIS
SoId To: Midwest Imperial SÈee1 Fab LLC Ship To: Midwest Imperial- Steel Fab LLC

400 S. Lagrange Rd Unit C 400 S. Lagrange Rd Unit C

Frankfort Í1" 60423 Frankfort IL 60423

Customer PO Number:
Ken-Mac Order/Item:
Item Description :

Heat,/Lot:
KM Stock No: 2I232L

Y08125 -71222
L42430 -L

(c) (Mn)

.0219 1 . 6931

TensiLe PSf: 86,490

wl

Mill Tag No : l-0163
Case Tickets: 194405

2.000

Part No:

2. OOO HRAP HRAP

(P)
.0298

(s)
.0006

Yield PSr:

(si ) (cr) (Ni )

.3500 l_8.3050 8.1300

Mechanical Composítion
38,460 Elongation: 64.4

Chemical- Composition

02/26/Oe

(Mo)

.27rt

Total Pounds:

(Cu) (41)
.37 12

Hardness as Shipped: 84RB

Bob Harley - Gorporate Quality Manager
To the best of our knowledge, the aformentioned material conforms to all applicable standards

-=Ar
A Page 1

ll)
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ThyssenKrupp Materials NA
Ken-Mac Metals Division

Sold To:
CERTIFIED CHEMICAL & MECHANICAL ANALYSIS

Midwest, ImperiaÌ Steel Fab LLC Ship to: Midwest Imperial Steel Fab LLC
400 S. Lagrange Rd Unit C 400 S. Lagrange Rd Unit C

Frankfort fJ' 60423 Frankfort IL 60423

Customer PO Number: Y08125-7I222 part No:
Ken-Mac Order,/Item: 142430-2

Heat/Lot
KM Stock No: 2L2322

(c) (Mn)
. 018 0 1, .7 260

Tensil-e PSI: 87, 350 Yield PSI:

Mi1I Tag No : 1001-8
Case Tickets: L94406

Ç>

(P) (s)
.0300 .0010

(si ¡ (cr¡ (Ni )

.3810 18 .2080 8.2900

Mechanical Composition
37 ,640 EJ-ongation: 60.0

Chemical- Composition

02/26/0e

1t"to )

.3030

Total Pounds:

(cu) (AI)
.3L20

Hardness as Shipped: 81.5R8

103

Bob Harley - Corporate Quality Manager
To the best of our knowledge, the aformentioned material conforms to all applicable standards

<\
p

lr

A Page 1
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ThyssenKrupp Materials NA
Ken-Mac Metals Division

CERTIFIED CHEMICAL & MECHANICAL ANALYSIS
Sol-d To: Midwest fmperial Steel Fab LLC Ship To: Midwest fmperial Steel- Fab LIJC

400 S. Lagrange Rd Unit C 400 S. Lagrange Rd UniL C

Frankfort LL 60423 Frankfort IL 60423

Customer PO Number: Y08125-7L222
Ken-Mac Order/Item: L42430-4
Item Description : 4.000

Heat/Lot:
KM Stock No: 2L2324

(c)
.02]-9

Ten

(Mn)

l- . 693 t_

siLe PSI : 86,490 Yield PSI:

Mill Tag No : 10163
Case Tickets: 1,94408

Part No:

1]-.250 P HRÀP

(P)
.0298

(s)
.0006

(si) (cr) (Ni)
.3500 1_8.3050 8.1300

Mechanical Composit.ion
38 , 460 Elongation: 64 .4

Chemical Composition

02/26/oe

(Mo)

.271,r

======================
Total Pounds: 108

(Cu) (Al)
.3712

Hardness as Shipped: 84RB

Bob Harley - Corporate Quality Manager
To the best of our knowledge, the aformentioned material conforms to all applicable standards

A Page 1

u
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ThyssenKrupp Materials NA
Ken-Mac Metals Division

CERTIFIED CHEMICAL & MECHANICAL ANALYSIS
Sold To: Midwest Imperial- Stee1 Fab LLC Ship To: Midwest Imperial SEeel Fab LLC

400 S. Lagrange Rd Unit C 400 S. Lagrange Rd Unit C

Frankfort IL 60423 Frankfort, IL 60423

Customer PO Number: YOBL25-7L222
Ken-Mac Order/Item: 142430-3
Item Description : 4. OOO

Heat/Lot:
KM Stock No: 2L2323

(c) (Mn)

.0190 l_.2900

Tens il-e PSI: 84, 000

Mi1I Tag No : 10199
Case Tickets: ]-94407

&3

Part No:

4. OOO HRAP HRAP

(P) (s)
.0280 .0030

Yiel-d PSI:

(si ) (cr) (Ni )

.0370 1_8.0000 9.0500

Mechanical Composition
37, 000 Elongation: 64.5

Chemical Composit,ion

02/26/0e

(Mo) (cu) (AI )

.0110 .0210

Total- Pounds:

Hardness as Shipped: 76.5R8

Bob Harley - Corporate Quality Manager
To the best of our knowledge, the aformentioned material conforms to all applicable standards

29

q
0

A page 1
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ThyssenKrupp Materials NA A
Ken-Mac Metals Divisiln Ky

CERTIFIED CHEMICAL & MECHANICAL ANALYSIS
Sold To: Midwest Imperial Steel- Fab LLC Ship To: Midwest fmperiaÌ Steef Fab LLC

400 S. Lagrange Rd Unit C 400 S. Lagrange Rd Unit C

Frankfort lL 60423 Frankfort IL 60423

Customer PO Nunìlcer: Y08125 -7L222
Ken-Mac Order/Item: L42624-l
ftem Description 35.500 CR

r Mil-l- Tag No : 88225
KM Stock No: 2]-2984 Case Tickets: 194844

*** CERTIFICATTON INCOMPLETE *** - COULD NOT

:( MiII Tag No : 88502
KM Stock No: 212983 Case Tickets: 194843

*** CERTIFICATION TNCOMPLETE *** - COULD NOT

&6
$-(2

Part No:

HRÄP HRAP

03/06/oe

î

FIND ACTUAL CERTIFICATTONS

ú6
FIND ACTUA], CERTIFTCATIONS

Total- Pounds:

Bob Harley - Corporate Quality Manager
To the best of our knowledge, the aformentioned material conforms to all applicable standards

434

-=tlv-
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ThyssenKrupp Materials NA
Ken-Mac Metals Division

SoId To:
CERTIFIED CHEMICAL & MECHANICAL ANALYSIS

Midwest. Imperial SEee1 Fab LLC Ship To: Midwest Imperial Steel Fab LLC
400 s. Lagrange Rd unit C 400 s. Lagrange Rd Unít C

Frankfort IL 60423 Frankfort, IjJ 60423

Customer PO Number: Y08125-7L222
Ken-Mac Order/ftem: L4243L-3
Item Description : 3.000

Heat/Lot:
KM Stock No: 212325

(c) (Mn)

. 0180 r.7260

Tensil-e PSf : 87, 350 Yield PSI:

MiJ-J- Tag No : 1001-8
Case Tickets: 1,94404

W7

Part No:

5,OOO RAP HRAP

(P) (s)
.0300 .0010

Chemical Composition
(si) (cr) (Ni)
.3810 18.2080 8.2900

Mechanical Composition
37 ,640 Elongation: 60.0

02/26/Oe

(Mo) (cu)
.3030 .3120

Total Pounds: 2 A Page 1

Hardness as Shipped: 81.5R8

(Al )

Bob Harley - Corporate Quality Manager
To the best of our knowledge, the aformentioned material conforms to all applicable standards 

1)
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ThyssenKrupp Materials NA A
Ken-Mac Metats Divisirn \Sy

CERTIFIED CHEMICAL & MECHANICAL ANALYSIS
SoId To: Midwest Imperial Steef Fab LLC Ship To: Mídwest Imperial Steel- Fab LLC

400 S. Lagrange Rd Unit, C 400 S. Lagrange Rd Unit C

Frankfort IL 60423 Frankfort IL 60423

Customer PO Number: Y08l-25-7]-222
Ken-Mac Order,/Item: :-4243L-I
Item Description : 6.000

Heat/Lot:
KM Stock No: 2L2326

(c)
.0300

Tensile PSI: 90,000 Yield PSI:

llutn)
1.6300

#s

Mill Tag No : 10099
Case Ticket,s: 194402

Part No:

CR HRAP HRÀP

(P) (s)
.0290 .0010

b7 02 /26 / oe

Chemical Composition
( si ) (cr) (Ni )

.3700 18.0000 8.0000

Mechanical Composítion
45,000 Elongation: 52.I

(Mo) (cu)
.4100 .2700

;;;;i-;;;;;;------ .

Hardness as Shipped: 88RB

(Al )

To the best of our knowledge, the aformentioned material conforms to all applicable standards

+t-'

Page l-
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IMPERIAL STEEL TANK COMPANY

3æ4 \ryEST 3IST STREET

CHICAGO, ILLINOIS 60623

Welding Procedure Specilication (WPS)

wPSNo.: wPs42 pgrc: ulÜ199l0 Rev.r é Ùate; ultr2tm Page: lor2
sy, ru' Datesigned: /'' ''','
SupportingPQRs: PQR-02

Welding Process(es)

Ioint Design:

Backing: With or without backing

1^)

Fillet Welds: All
Retaiuers:

WELD IOINT DESCRJPTIONS SHO\ryN ARE NOT INCLUSIVE OF ALL THOSE FOI.JND ON A JOB. WELD JOINT DESIGNS

REFERENCED IN AN ENCINEERING SPECIFICATION OR A DESIGN DRAïVING SHALL TAKE PRECEDENCE OVER WELD

JOINTDESIGNS SHOWN INTI{IS WPS.

Backing Materiat: CERAMIC or SIMIT AR METAL

BaseMet¡ls (QW{03)
P-No.: 8 Group No.:

to P-No.: I Group No.: I

SQUAREGRd)VE

Minimum preheat must be maintained dudng thermal cutting, tacking, and welding operations.

Welds shall be cleaned between each pass. When completed, remove all slag and proiections.

FillerMetals (QlV404)

Spec. No. (SFA):

AWS No. (Class):

FNo.: 5

60 b 75 d€9.

weld Metal Thickness Ra¡rge: 0.0625 to 0.7500 in. No Pass Greater Tha¡r Yz" Allowed

Flux Type:

Flux Tiade Name:

Consumable Insert:

Othen

Thickness Range (in.): 0.0625 to 0.7500

SINGLE VEE GROOVE

:)

A No.: 8

c- wPf¡ x- A- wPwS¿2
FmãXl3- Rero
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WPS No.:

Positions (QfV405)

Position of Joint: FIat & Hor¡zontal

Prehest (QW406)

Preheat Temp. Min.:

Interpass Temp, Max.:

Preheat Maintenance:

l\I/

Electrícal Chsraderistics (QlV409)

IMPERIAL STEEL TANK COMPANY

WeldÍng Procedure Specification (IVPS)

Date: lllSngm Rev.:

Cunent 1}pe / Polarity: DCEP (reverse)

Tl¡ngsten Electrode Type and Size: N/A

Mode of Metal TransferforGMAW: N/A

Max. Heat Input (J/in): None

Tecùnique (QM10)
Shing or Weave Bead:

Initial and Interpass Cleaning: With Stainless steel brush clean 2 inches (50mm) on both sides of u/eld io¡nt

Method of Back Gouging:

None

Oscillation:

Contact Tube to Work Distânce:

TVne: No PWHT will be performed

Single or Multiple Passes (per side):

Temperature Range:

Time Range: _

Single or Multiple Electrodes:

.F

.F

Peening:

Gas (Qwa08)

Date:

TVeld

Layer{s)

and/or
Dom/æì

Shielding:

Tlailing:

Backing:

None oF

Anv

Ânv

Gas Composition / Flow Rate

Ânv

None

Anw

Page:. 2oÍz

SMAW

SMAW
SMÂu/

SMAW

Filler Mefol

l-l occ

E308-17

F.?OR-17

E308-17

F.?ôR-t 7

I)iameter
lin,ì
an')

t t9,

5t?2

Type /
Polnritv

7lt6

l-¡rrmnf

IfFP fmrerseì

T'IõFP lmverse

flCFÞlevæ
r}í'FP lmvercì

Anperage
Rqnoe

6fLOO

ß0-120

I tô-1ÁO

Voltage
Þonca

ts5-210

Travel

s@
Range

I in/min ì

nh
nlr
nlr
nl¡

Vqr

Vqr

Vnr

Ver

c-wPsx.^-wPw5¿2
Fm 2003- Rcv.0

version 9.2.11 - page 200



IMPERIAL STEEL TANK COMPANY

3234 WEST 3IST STREET

CHICAGO, ILLINOIS 60623

Proced ure Qualification Record (PQR)

PQRNo.: PQR-02 wPSNo.: WPS-02 Date: l2l4ll980 Ptge:

Welding Process(es) / Type(s): SMAW / Manual

Joints (QW402)

Weld Type:

Backing:

Root Opening: in. Root Face: l/8"
Groove Angle:' 70 o

Back-soused and back welded

Croove weld

Sinele-V eroove

()

Base Metals (QW403)

Material Spec., Type or Grade:

SA-240. Type 304

P-No.: 8 CroupNo.: ! to P-No.: 
-!- 

GroupNo.: I

Thickness of Test Coupon (in.): _ 0.375

tn.

Filler Metels (QlV404)
SFA Specification: 54
AWS Classification: E308-t 7

Filler Metal F-No: 5

V/eld Metal Analysis A-No: 8

Size of Filler Metal (in.): l/8

Groove Angle

to

rrly'eld Deoosit't' lin.): 0.375

Pass Greater Than %": No

SA-24LType 304

Positions (QW-405)

Position of Joint: 2G - Horizontal

I oÍ2

Weld Progression: $
Preheat (QW406)
Preheat Temp.:

Interpass Temp.:

Postweld Heat Treatment (Q\{407)
Tvnc. No PWHT nerformed

SINGLE VEE GROOVE

Temperature:

(l) rNlrw- CLEANING - WIRE BRUSH / SOLVENT; INTERPASS CLEANING - WIRE BRUSH

SECOND SIDE - GRIND TO SOI.JND METAL BEFORE DEPOSIT WELDING; NO PEENING

Time:

_)

Gas (Qw408)

Shielding:

Trailing:

Backing:

50

N/A

Electrical Characteristics (QW409)

N/A

Cunent / Polarity: DCEP (reverse)

N/A

None

None

Gas Composition / Flow Rate

Volts: 32 - 36

Tungsten Type / Size : N/A

Heat Input: N/R

Technique (QW4l0)

oF

oF

Travel Speed (in/min): MANUAL

StringAileave Bead: !!4!g and weave bead

Oscillation: N/A

Mult./Single Pass (per side):

OF

Mult./Single Electrode: N/A

hr

Multipass

c-K¡Rrx-^-luPrvs.2,2
Fom 2003 - Rd. 0
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PQRNo.: PQR-02

Fisure Number ¡nd Tvne
(lllly'-467 llal Face hen¿l

ñ!J/-46) ?/al Fnce. henrl

IMPERIAL STEEL TANK COMPANY

Procedure Qualifi cation Record (PQR)

Welder's Name: Bruno Wolyniec

PQR was done and welding of
coupon was witnessed by: IMPERIAL STEEL TANK COMPANY

Tests Conducted By: Pittsburgh Testing Labo¡atory Test ID.: 7757

We certis that the statements in this record ¿¡re correct and that the test welds were prepared, welded, and tested in accordance with the

Nnne

Tensile Test (QW-150)

requirements of Section IX of the ASME Code.

Reproduced syt Æ-4á¿*,

Resrlf
Ä ¡¡pnfqhlc

Guided Bend Test (QW-160)

Steven Willims Date

,ç Tltt PAn /l / ßffil¿l¿aT¿az aF 7//É 4.r¿tt¿l¿ ,/A,?
cßãT1îH // lqfa lr c,+øt¡rz/øa /¿rlr¿/14,2T8.
Ca/tF/ 4 T/+é dt6t<z*c /O(G frAt¿ilF¿ã az ,,1ãq¡z¿2V

Accenfahle

Í'io¡rre Nrrmher ¡nd Tvne
OW462.3/a\ Root bend
OW-46).3laì Root hend

Page: 2o12

None

lD:L-sømP: L

Result
Accentahle

Accentahle

/'lf'ar' Engineer f,

¿-47-'
,/- /l2l

(')

c-PQRD(-A-rvnils,2.2
Fom 200! - Re' 0
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WPS No.:

By:

SupportingPQR's: PQR43
Weldine Process(es) / Type(s):

Joints (Qrtv-402)

Ioint Design:

Backing: With or without backing

IMPERIAL STEEL TANK COMPANY

CHICAGO, ILLINOIS 60623

Welding Proced ure Specilication (WPS)

lzllStlg}O Rev.: -é Date: U192004 Page: I of 2

ø Date Signed: /'¡1'a'¿

' Backing Material: Ceramic or Similar Meøl

\')

Fillet Welds:

Retainers: None

WELD IOINT DESCRIPTIONS SHOWN ARE NOT INCLUSIVE OF ALL THOSE FOUND ON A IOB. WELD JOINT DESIGNS

REFERENCED IN AN ENGINEERING SPECIFICATION OR A DESIGN DRAWING SHALL TAKE PRECEDENCE OVER WELD

JOINT DESIGNS SHOWN IN THIS IWPS.

SQUAREGROOVE

B¡se Metals (QlV403)

P-No.: I Group No.: I Thickness Range (in'):

to P-No.: I Group No':

Minimum preheat must be maintained during thermal cutting, tacking, and welding operations.

Welds shall be cleaned between each pass. When completed, remove all slag and projec'tions.

Filler Metals (QW404)

Spec. No. (SFA):

AWS No. (Class):

FNo.:5

60 b 75 d€9.

Weld Metal Thickness Range:

Flux Type: N/A

Flux Trade Name:

Consumable Insert:

Other:

JI

SINGLE VEE GROOVE

0.0625 to 0.7500 in. No Pass Grester Than 7r" Attowed

N/A

0.0625 to 0.7500

ANo.:

c-wPslx-^-wFlv5.¿2
Fod 200! - R.v. 0
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Positions (QW-405)

Position of Joint: Flat & Horizontal

Weld Progression: N/A

Preheat (QW406)
Preheat Temp. Min.:

Interpass Temp. Max.:

Preheat Maintenance:

Electrical Characteristics (QW-409)

IMPERJAL STEEL TANK COMPANY

Weldinq Procedure Snecification IWPS)

Current Type / Polarity: DCEP (reverse)

Tungsten Electrode Type and Size:

Mode of Metal Transfer for GMAW: N/A

Max. Heat Input (J/in): None

Technique (QW-410)

String or Weave Bead: $]¡g!¡1gave bead

Initial and Interpass Cleanidg:

Method of Back Gouging:

Oscillation: N/

Postweld Heat Treatment

Contact Tube to Work Distance:

Type: No PWHT will be Performsd

Single or Multiple Passes (per side):

Temperature Range:

Single or Multiple Electrodes:

Time Range:

Peening: None

With wire brush clean I inch (25mm) on both sides of wel<l joint

Gas Composition / Flow Rate

None oF

Tr¡vel
Speed

Range

c-rvPsD(-A-wFw5.2"2
Fod2¡03-Rd.0
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PQRNo.: PQR43
Welding Process(es) / Type(s):

Joints (QW-402)

Weld Type:

Single-V groove

Backing: Back-gouged and backwelded

RootOpening: l/16" in. RootFace: l/8" in.

Groove Angle: 70 o

IMPERIAL STEEL TANK COMPANY

3234 WEST 3I ST STREET

CHICAGO, ILLINOIS 60623

Procedure Qualification Record (PQR)

WPSNo.: \ryPS43 Date l2l4ll980 Ptge: loî2
SMAril/Manual

Groove weld

Base Mct¡ls (QlV403)

Material Spec., Type or Grade:

P-No,: I Group No.: I to P-No.: 8 Group No.: I

Thickness of Test Coupon (in.): , 0.375

SA-285, Grade C to SA-240, TYPe 304

Filler Metals (QW404)

SFA Specification: 5.4

ArWS Classification:

Filler Metal F-No: 5

Weld Metal Analysis A-No: !
Size of Filler Metal (in.): l/8

Groove Angle

rWeld Deposit't' (in.): 0.375

Pass GreaterThan %": No

E309-16

Positions (QW405)

Position of Joint: 2G - Horizontal

Weld Progression: N/A

Preheat (QW406)

Preheat Temp.:

1

Postwetd Heat Treatnient (QW407)

Type: No PWHT Performed

Interpass Temp.:

SINGLE VEE GROOVE

Gas (QW408)

Shielding:

Trailing: N/A

Backing:

Electrical Chsracteristics (QW409)

UUIT€NI

Amps:

Volts:

Gas Composition / Flow Rate

/ rurillaJ. uvDr \lwYw¡rw/

80 - r20

Tungsten Type / Size:

Heat Input:

Technique (QW4l0)

"F
oF

Travel Speed (in/min): MANUAL

StringAMeave Bead: String and weave bead

Oscillation:

OF

hr

N/

Mult./Single Pass (per side): Multipass

Mult./Single Electrode: N/A

c-PQRIX-A-WPW5.2.2
Fom 20Ol - Rd. 0
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PQRNo.: PQR-03

Snecimen No
#t
#2

w¡drh
lin-ì

IMPERIAL STEEL TANK COMPANY

Procedure Qualification Record (PQR)

Tensile Test (QW-150)

t Á,9.

1.482

Welder's Name: Bruno Wolyniec

PQR was done and welding of
coupon was witnessed by:

Thickness
/in I

Tests Conducted By: Pittsburgh Testing Laboratory Test ID.: 7756

n ?Rn

o ?Ro

We certifi that tho statemonts in this record are conect and that the test we lds were prepared, welded, and tested in accordance with the

requirements of Section IX of the ASME Code.

Reproduced 
"r, -ä22./á,.- 

/'rf¿ú Engineer

Are¡
lin2ì

Guided Bend Test

Stc

,t' Tltt f4ß /i A ßHrqopz¿Ttat¿

o 5Á)Á

0.5632

IMPERIAL STEEL TANK COMPANY

Ultimate Total
Ln¡d llhl

CIFÆø /,¿z /72a ll C//ørz/¡+g zr4rzz4vrrz
c¿/t4r ¿F T*r ar¿tl///AL .4,Ø ,tót*tu¿(l¿z â,,/ /æ¿#,

34500
1550lì

Ultimate Stress
IPSIì

Page: 2ol2

6t 1olt
63000

Failure Type
¡nd Location

lD: 22 Sømp: 22

Rqeê mêtâl

Base metal

Ar' 74é ¿t4tâztz4¿ ,2A,4

*

t./n2q

c-PQRD(-^-lvPlv5.2.2
Foil 2003 - Re, 0
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SupportingPQR's: PQR-28

Welding Process(es

Joints (QW-{02)

Ioint Design: Groove and fillet welds

Backing: With or without backing

IMPERTAL STEEL TAIYK COMPANY

3234 WEST 3IST STREET

CHICAGO, ILLTNOIS 60623

rilelding Proced ure Specification (IVPS)

Type(s): FCAW

Fillet Welds: All fillet sizes on all base metal thicknesses and all diameters.

Retainers: None

WELD JOINT DESCRJPTIONS SHOWN ARE NOT INCLUSIVE OF ALL THOSE FOUND ON A TOB. WELD JOINT DESIGNS

REFERENCED IN AN ENGINEERING SPECIFICATION OR A DESIGN DRAWING SHALL TAKE PRECEDENCE OVER WELD

JOINT DESIGNS SHOWN IN THIS t'¡/PS.

Backing Material: Ceramic or Simila¡ Metal

Date Signed: V.z*-e€

SQUARE GROOVD

Date: 3124t2004 Page: I of 2

Base Metals (QW403)

P-No.: I Group No.: Thickness Range (in.)

to P-No.: 8 GroupNo.: I
Minimum preheat must be maintained during thermalcutting, tacking, and welding operations.
Welds shall be cleaned between each pass. When completed, remove all slag and projections.

Filler Metals (QW404)

Spec. No. (SFA):

AWS No. (Class):

F No.: 6

60 b 75 deg.

Weld Metal Thickness Range:

Flux Type: N/A
Flux Trade Name: N/A
Consumable Insert:

Other:

lß2" to1116"

Product Form:

Supplemental Filler Metal:

SINGLE VEE GROOVE

0.7500 in. maximum No Pass Greater Than %" Allowed

0.0625 to 0.7500

NONE

ANo.: 8

c-wPsD(-^-wrlv5.¿2
Fom 2003 - R¿v. 0
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WPS No.:

Positions (QW405)
Position ofloint: AII Positions

Weld Progression: Anv

Prcheat (QW406)
Preheat Temp. Min.:

wPs-28

Interpass Temp. Max.:

Preheat Maintenance:

Electrical Characteristics

IMPERIAL STEEL TANK COMPANY

Welding Procedure Specification (WPS)

Current Type / Polarity:

Date:

Tungsten Electrode Type and Size:

Mode of Metal Transfer forGMAW:
Max. Heat Input (J/in): None

Technique (QW4l0)
String or rùy'eave Bead:

Orifìc¿ or Gas Cup Size:

N/A

(QW-4oe)

Initial and Interpass Cleaning: With Stainless steel brush clean 2 inches (50mm) on both sidg! qll4elgjollt

Rev.

Method of Back Gouging: When requi

Postweld Heat Treatment (QlV-407)

Tvne: No PWHT will be performed

Temperature Range: 

- 

None oF

Oscillation:

Contact Tube to Work Distance: 3/4(l9mm)-l "(25mm).

Single or Multiple Passes (per side):

Time Range:

oF

"F

Single or Multiple Electrodes: !!{
Peening: None

Gas

Date:

(QW-408)

Gas ComPosition / Flow Rate

Shielding:

Trailing:

Backing:

rüeld

Layer(s)

¡nd/or
Pnsslesl

3n4t2004

75Vo A¡son.25o/oCO2 I 23'48 CFH

None

Ânv

None

Ånv

None

Anv

Page:

P¡nnccc

Anv

FCAW

Anv

F'CAU/

FCAW
FaÂw

f iller Mctql

FCAW

l-lncc

F?ORT TN.

E308LT0-

E308LT0-
F?OTI TO-

E308LT0-

Diameter
/in ì

o o?5

0.045

| 116

Type /
Pnlqrifv

5164

f-rrrrenf

3t32

Íìl-EP freveneì

fll-FP lreverceì

Amperage
Ponoe

120-200

ts0-)ts
175-275

Voltage
Ilonca

200-400

1ffL500

l9-)tL

Tr¡vel
Speed

Range

I in/min ì

22-26

25-2R

)6-17

)6-1Ã

Va¡.

Var.

V¡¡
Ver

Vnr

c-wPsrx-^-\vltv5¿.2
Foú 2001- Rd. 0
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IMPERIAL STEEL TA¡IK COMPANY

3234 WEST 3IST STREET

CHICAGO, ILLINOIS 60623

Procedure Qualifi cation Record (PQR)

PQRNo.: PQR-28 wPSNo.: WPS-28 Date: 3124t2004 Page:

Welding Process(es) / Type(s): FCAW / Semiautomatic

Joints (QW
trVeld Type:

Single-V groove

Backing: Back-gouged and backwelded

Root Opening: 1116" in. Root Face: l/8' in.

Groove Angle: 70 o

4021
Groove weld

Base Met¡ls (Q\il403)
Material Spec., Type or Grade:

SA-240. Twe 304 to SA-240, TYPe 304

P-No.: ;!- GroupNo.: -L to P-No': I GroupNo.: I
Thickness ofTest Coupon (in.): 0.375

Filler Met¡ls (QlV404)

SFA Specification:

AWS Classification:

Filler Metal F-No: 6

Weld Metal Analysis A-No: 8
Size of Filler Metal (in.): 0.045

Groove Angle

Weld Deposit't' (in.): !lf!
Pass GreaterThan /:": No

Filler Metal Product Form:

Supplemental Filler Metal:

E308LT0-l

I o12

Positions (QW405)

Position ofJoint: 2G - Horizonøl

Weld Progression: !!{

Root Opening

Preheat (Qlry-406)

Postweld Heat Treatment (QW407)

Type: No PWHT Performed

Preheat Temp.:

SINGLE VEE GROOVE

I

Flux cored

Interpass Temp.:

Temperature:

Time:

NONE

,,)

Gas (Qw408)
Gas ComPosition / Flow Rate

Shielding:

Trailing:

Backing:

75o/o Arson.21o/oCO2 / 25 '40 CFH

Electrical Ch¡racteristics (QlV409)

Current / Polarity: DCEP (reverse)

50

Amps:

Volts:

None

N/A

Tungsten Type / Size:

Transfer Mode: Spray arc

Heat Input:

Technique (QW410)

Travel Speed (in/min): l2-lE

"F
oF

Sûing/Weave Bead: ltine and weave bead

oF

Oscillation:

hr

Mult./Single Pass (per side):

Mult./Single Electrode: N/A
Multipass

c- ¡QR D(-^-WF|V5,2.2
Foú 2001- Rd. 0
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PQRNo.: POR-28

Í'icrrre Nr¡mhar on¡l'T'vna
fìV¡/-l.6J ? Si¡lc hcn¡l
flV/-1167 ? Si¡le hen¡l

TMPERIAL STEEL TANK COMPA¡IY

Procedure Qualification Record (PQR)

Welder's Name: Rosa Sr. Felix

PQR was done and welding of
coupon was w¡tnessed by: IMPERIAL STEEL TANK COMPANY

Tests Conducted By: CALUMET TESTING SERVICES Test ID.: 5100

We certi$ that the statements in this reco¡d are conect and that the test welds were prepared, welded, and tested in accordance with the

Nnne

requirements of Section IX ofthe ASME Code. 
-

prepared 

"rt -'""'" 

-"-' 
l4ãá"- ûz"f'ac/ Engineer

Þæ¡rlf
A¡¡anf¡hle

Guided Bend Test (QW-160)

Accentable

Fior¡ra Nrrnher ind Tvne
ñUJ-461 2 Side hen¿l

ôrÃI-4Á) ? Side hend

Psge: L_

Nnne

Stdawillim

ID: lL Stamp: 1050

Pxrrlf
Â¡ænfqlrle
Á¡ænfchle

c-PQRtX-A-ìVÌw5.2.2
Fom 2lXX¡- Rd.0
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# Calumet Testing Services
1945 N. Griffith Blvd.
Griffith, lndiana 4631 9
(21 9) 923-9800-(708) 47 4-5860

CUSTOMER:
SAMPLE
CODE

TENSILE RESULTS:

lmperial Steel Tank Company

X

_r_

POR-28. WPS-28. WPQI 050-28

Specimen
No.

ASME Sec. lX

TENSILE TEST REPORT
BEND TEST REPORT
HARDNESS TEST REPORT

28-11

()

28-T2
Specimen

No.

W¡dth
inch

28-T1

0.719

28-T2

0.738

Thickness
inch

BEND RESULTS: Figure No.

ELONGATION
(o/o inch)

0.334

28-A 28-B 28-C 28-D

Side Bend Acceptable Side Bend Ac¡eptable Side Bend Acceptable Side Bend Acceptable

0.352

Area
So. in.

N/A

0.240

N/A

Root Bend N/A

JOB NO. 5100

0.259

Yield Load

flb.)

HARDNESS RESULTS:

EDITION

N/A

Diameter
(inch)

N/A

Max. load
flb.l

N/A
N/A

22.100

QW462.2

Root Bend

N/A

2001t2003

24,000

Yield Strength
losi)

DuctileM/eld metal
Character & Location of Fracture

DuctileMeld metal

N/A

N/A

N/A

Ultimate Strength
losil

Face Bend N/A Face Bend N/A

92,083
92.6ô4
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ss2 Leaders in ASME Pressure Vessel Construction

September 1,2009

FERMI LAB
Kirk Road & Wilson Street
Batavia,IL 60510

SUBJECT: Liquid Argon Tank ME-444715, FERMI LAB P.O. 583306, MIFAB JobY08-125

Dear Sir,
We certi$ that the design, materials, fabrication and workmanship on the subject tank conforms
to the requirements of API 620, Design and Construction of Large, Welded, Low-pressure
Storage Tanks.

The subject tank was also inspected upon completion and pressure tested to a minimum test
pressure of 3 .7 5 psig. To the best of our knowledge the tank complies with the applicable sections
ofAPI 620.

Regards,

--ø-àZ--Z
Steven Williams
Engineering Manager

fZW.:.41>;:/..ì'ì +ætF

400SouthLaGrangeRoad,SuiteC,Frankfort,lL60423 815.469.1072 815.469.1075fax
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-- ------- ---

LAPD tank inspection 

•	 Company: Midwest Imperial Steel Fabricators 
•	 Contact: Sal Cerda 
•	 Phone 815-469-1072 
•	 address: 400 South LaGrange Road, Frankfort, IL 60423 

The goal is to gather infonnation to make sure the tank is built correctly. If there is a 
discrepancy or misunderstanding it may be discussed with Midwest, but any disputes will 
be settled through purchasing. The cleanliness inspection will be done later. 

Safety 

• Do not enter the tank 
• Take ear protection with you 
• Wear work boots, this is a steel fabrication shop 
• Welding may be going on nearby 
• Midwest should provide ladders and help with measurements.	 Don't climb 

anywhere insecure. 

J. Check that the fittings and features on drawing Y08-125-1 are the right size. This 
includes all nozzles listed A through T. It is not necessary to measure their exact 
location on the tank unless they appear to be way off. 

'--"""'! 2. If the tank is on a level floor, check the fitting level in two directions.
 
~3. Look inside for the mounting clips, probably not all are visible.
 
~4. Make sure lifting lugs are installed at the top of the shell. (If
I 

----5. Measure the circumference of the tank within 18 inches of the bottom. -; l {, /1./ 
---./ 6. Measure the height from the highest flange to the bottom gf the tank. - I 53 #/ 
~7. Look for scratches or other visible damage in general. II 

_____-8. If flange faces are accessible, inspect for scratches or damage on sealing surfaces. ~ 
________ 9. Make sure the vessel has eight anchor chairs. Measure the centerline distance 

between them. Check each one. 
"---' 10. Take plenty of pictures, including the nameplate. 
~ 1. Ask for a copy of their test results detailed in section 5 of the specification 
~ 12. Notice the general cleanliness inside the tank. 

JDJltJ V OJ/l;t,J I AIJ'~Cr(ON 0'1 
c),J t-r-D'r..~	 It. OlA/l-DfH T. 

-_._--------- - ---- ­
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USI we # J S" R.?> , 7. Report Pag:....e....LI_af---...JIL---__ 
Date: J - 1.1.(-0 ( ­
Customer: --t ,...... V).... I- IUD bl 0 F""a h .,..'n trl--l ~ 

.l...,r~ ~dr~I,c:.. 'OAI ..., 
L,)\'\l:t"o ...,.., ~S --rJJ 

'304 Sadlier Circle West Drive PO#: WI"1"\91 :).. 7 

Indianapolis. IN 46239 Location: .CillJr'II. rl f\ /')"._~ • C'"" n,. _c;,. "".foJ'l. 
Phone: 317-890-9129 Description: ~ I • * \.L) ... ...l "'... 
FalC 317-800-890-8577 100% Insp,f Spot Insp_ ----..: _ 

Technique Data 
Serial # or Piece # -:-:-....-:=---::-:_-------~Insp. Specification ll....M l " 
Customer we # _VL.nlll'....li"w'UI:l~~looL- ~RT Procedure: J-I\"""'''''''""'~"T~-~-!-"'~'o-".v--:'~I:-:::l.:-.f.n·tn"~-"'l--:~~~,J l<.~-1I1 Q 
"iA/:::;:.:;;-----;;:;;:::n-_----;-_......--;-......--;---;::;:_--;- ----lAcceptance Stand. " ~ It \ 1:):" , 
rW_ 8...,;ld;;,.;#.;.-._-rF..;;il;;,;.m;";#:"---r;';Acc::::;..."TR;.;.e:=/"i.,;..-"TCo=d::e:...,.:.:R=:em~ar.::;ks:-"""I""Ir--_,.......IRT Tech. used below: .._t).w...' ~=---.I.JiE...·_' _ 

1"\ c».n--;:;~ Ie. r ..... : , - I"\Q.\() 
r---L_-...L/_+-~L:J:....:;-~ ..IP~J.;H(f~j';....:-=--.,;"3..~ .. 0 0 [6.ii1 0 SourceJr--~'/_+:£F4!.1A! ~;l~ 
r-----+~-~~~;_.:v~r-----4~ue:..~\"I--Ij;:~~.. q:ll-I_~:.--=3~. 5~'~" L = u:: , ° 
r------+-~)L:'- ,. Goo~:.--~3:':"..;,f 0::::"--1"",~.'lI'!--f-l'/7--I---4~FIS~IJ+4~~ Pelle 

-

,­, ~, 
I I .... , 

: I ............ Source 
I I -f:J ,):; 
;. /" 

'-~ Pene 
Pene 

Source Positioned 
in Center of Pipe 

o (_...__1]Q (00 Source 

o 2 ~ D (00 Source 

®S.~~) 0 ~ 

,/ .'"0 - 3.(0 

-:;1 
r'\ ­

o-,~ ./ I' 1. LS. - '3.00 

~-l V p.~, .~ ';l 3 I 0 

f\ -I 
1_' 

-~ 

-: ..-J . 
':'--1. .,-


; '...E: 
~-l 

If 
~ 
,/ 
v' 

-,/ "
 
1/ 
V 

P-Porosity SI-Slag Inclusion n-Tungsten Inclusion 
C-Crack BT-Bum Through CV-Root Concavity 

IF-Incomplete Fusion MT.Melt Through CX-Root Convexity 
IP-Incomplete Penetration UC-Undercut OX-Oxidation 
S-Surface FA-Film Artifact SK-Shrinkage 
EI-Elongated Indication 

The IN, rwpoIt #/.,not be reptOdll"d ucept In fuIt. Mthout the wrttten approV8I of rile leor.twy; and ""' n1Cot'IIIng of f8lse, f1ctJtJous, 

or tr.lIdu""r sUltenletlts 01" IIIIlrlIJs an the cerlIflcate may be punt.hed as a felony un_ ,..,..1_. Results _ related anly 10 'tems tested. 
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-~ACUREN F~ 
1304 Sad~er Circle West Drive 
Indianapolis, IN 46239 
Phone: 317-890-9729 
Fax: 317-890-890-8577 

Serial # or Piece # 'Jo...C'"ioU6 
Customer WO # '{nQ I~ ~ 

Weld # Film # Ace. Rei. Code Remarks 

1 -:....". /lJ ,- ~ 1l 1:cF 
1(A·~ 

,/ "JlJ h_ J Y P :.-~ 

JJ__,
1'1 J AI J p,-

LL IJ -/ Y :r::f~ 
I'" 

PO#: J~"'I~~-

Location: C"" ........ CI ( 1. Jl n 0 ~ .. t:A.J)r .. vlOA
 
Description: ~ ~ LJ\D\t\l'Lj J - ,
 

100% Insp if Spot Insp. _- _
 

Technique Data 

02 = Q ~I 0 ~ so~rce 
Pene 

(00 Source02 0 Q 
o2 0 [6 (00 Source0 

Soun:e 

Pens 

Source Poaitioned 
in center of Pipe 

Material: ---.S.&/ Ss -ic 
~::::::::::::::::::::::::::::~::::::::::::::::::::::::~::::::::=~==~~==~=============~ Pipe Size: 'JCM'LO,U~leollL Wan Thk. .J'..-Ol=-:::gj;llllE'"-­
t- -t -+-_-t-_-t-_-+- --1Process: SMAW~ GTAW QO ., GMAW X 
f--__-+ +---1f---1_--1 -lFCAW: SAW X Other 
t- -t -+-_-t-_-t-_-+- --1Source lsotope::ce ,sa Curies "1 q; 
f-----+---+---1f---1---1--------l Physical Size: • I s:q' KVPIMA --::tJ7-:-'1,4-:---- ­

Exposure Time: J ~SFD: I !5 .• 

~=======~======~==:===~==~=============~FlIm/Object Inches: "C::o&\o.C.t ........-.....----­f- --+ -1-_-+-_-+-_-1- --1Geometric Unsharpness: l:. ' oab 
1------+----t--+--+---t---------iPeneType / Size: ..r::g:u:'>~,.~ro...L..l!;¢~\ ..'9lL-r:____:l!I.___---_ 

Material: 'j$S Placement_....ll$$~~ _ 
1- -t -+-_+-_+-_-+- ---IShims: Matenal: 55 Thickness • 0 Ceo 

Markerl# Belt p b ~~ 
1- -t -+-_+-_+-_-+- ---I FHm: ~~~: AG=t:A ~~~~~ ~t ~.~ 

Emulsion(s) number.: -;:--;- -:- _ 
t- -t -1-_-+-_-+-_-f- --IScreens: Front: ,0Qa- Back: ~IO:=;:lollO:.o;d.IL- _ 

Backing: _-~ _ 
t- -t -1-_-+-_-+-_-+- --1Viewing Single: ../ Double '="~ _ 

--lDenslty (Pen.)f----+--_-+-_+-_t---l :'QtJ-_~;.Oo 
Density (weld) min.max.:...-_---"~"_"f.~ ....l_I<....____'...,.'_'__'''''' I\A 

P-Porosity 51-Slag Inclusion TI-Tungsten Inclusion 
C-erack BT-Bum Through CV-Root Concavity 1~(l~na.,.:-.~e&1J~n:r__~/) l 
IF-Incomplete Fusion MT-Melt Through CX-Root Conveldty Radiographer!, - £'11'6 ,
IP-Incomplete Penetration Ue-Undercut OX-Olddatlon 
S-Surface FA-Film Artifact SK-Shrinkage 2(\,0. ~ Q..p.,Fo.;, -= 
EI-Elongated Indication ~erpreter .4 -\4'...oq 
The te.t lflporl.h.n"ot be lfIpnX/uced fIJIfIept In fun, without the Wlttten .,..o'R/oftil. JlIxlratolyi and til. rlCot'dJn, 01fll.., tk:tlfJou., 
01' "'udulent .,.,.","',. or entries on the eMtHke" mey be punished .. e felony under fedweJ 1_. Re,ulf, _lfIIeted only to Items tested. 
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---------------------- -------- ----

USIWO# l~'9;;M7 Report Page I of Ql
 
Date: 

?' -- ' ..--;; --
'-.4 L/c- ~-l 

A\,1\. , ......~ '-"-, 
V""'C :. I ~

4-.:f'7~~
 
Customer:
-~ .. - --. ,.1,. I 

.. I:'" ,;.uACUREN 
,- ~A7 

1304 Sadlier Circle West Drive PO#: <':' 
,. Lt. .... _.-_Indianapolis, IN 46239 Location: .... o:r.::sQ..~'" 

Phone: 317-890-9729 Description: SA~ L .J+ .- ''''I~ 
Fax: 317-890-890-8577 100% Insp ...-" Spot Insp. -

Technique Data 
Serial # or Piece # ---------------1Insp. SpecifICation __~LJ~ _-c:hJ~~1=,~_.lLV:r.:;::"_t=::::_;~-"7'I"'
Customer WO # ____________---1RTProcedure: I:t'r:. J p~u J!:J /IlT·-{"'l.,.. J1DulO 
-:-:-:--:-:-:-:--_---:=-....,.,...._---,-_-=-=---=--,--=_--,- ____lAcceptance Stand. A S((1E VHf' , 
Weld # Film # Iv;c. Rej. Code Remarks RT Tech. used below: .c..D. . 
~~L-~' v,....;.;.~~=.,.~~,;;,.....----I,t;l-.....,...~O.;..;-~........~


if 0 2 = [6 ~I 0, so~rce 
Pene 

p 

Source0 2 0 [6 (00 

...1 ® 2 DQ (00 SourceD 

1"1' ,­
' 

Source l ~, 
, I -, , 
I I , , Source -® ~~0) 0~ rJ , .D 

v 
I ~1- :k"I I .. 

-' Pene
PeneFA 
Source Pos~ioned 

in Center of Pipe 

-, 

J.. ' 

-1 

J ..
 
J' ..
 

J' ..... 

~fv J 
f- ~~~+~~-+--l------I-------___lMaterial: ::; 5 
f---- -I~.a:::.:_~f-+~vr.__+-_+.l-:-p" -I --lPipe Size: - "Wall Thk. 311lD, 
f---- -+...IA~~~4..z..-vr"_+-_4-_+---------1Process:SMAW X GTAW X Gf.AAW X 
f---- -+atro=:lll~.~~~7_+...z...,\1.....-+-_4-_+-------~FCAW: SAW X Other 
1----~f4':J~?;:. fiElJi!...~)-+..L,v..-+_-I_~f----------___4Source ~tope I,.. '9,J Curies __9~9L- _ 
1-- --t'I.:2~B"'-,(j ............lJL_+_-+_-+_------____lPhysical Size: ./(,D KVPIMA ­....... ...

1- +- +-_+-_+-_-+ --lExposureTime: ZMI'n. 5FD: Mil 
1- +- +-_+-_+-_-t- ----jFilm/Object Inches: CD44C~ 
1- +- +-_+-_+-_-+ --lGeometric Unsharpness: _ ~rJ 

Pene Type / Size: ~ ... 7" rrJ ~,,;;} 
\-----+----+--+--+--+---------1 Material: 5k' Placement 5'/< 
1- +- +-_+-_-+-_-+ --lShims: Material: ~ Thickness O/pQI 

Marker/# Belt =-.....L.p...~..:=#S=~~=---.:- _ 
Brand: AGFJfJ Type: ,DS1-----+----+--+---+---+-------___4Film: 
Size: Q:SiJi Load: ~~~ 
Emulsion(s) number:: t,"I~ 

1- +- +-_+-_-+-_-+ ---iScreens: Front: • 0 I Q Back: _ 
v Backing: 

1- +- +-_+-_-+-_-+ ___4Viewing Single: &,L:Double 
Density (Pen.) ..2 .:l-3.l ­

1------+----+--+--+--t---------1Density(weld) min.max 3~ -:3 ,I-. 
/7 ~ r .. /) 

P-Porosity 51·Slag Inclusion Tl-Tungsten Inclusion 
C-Crack BT-Bum Through CV-Root Concavity 
IF-Incomplete Fusion MT·Melt Through CX-Root Convexity 
IP-Incomplete Penetration UC-Undercut OX-Oxidation 
S-Surface FA-Film Artifact SK-Shrinkage 
EI-Elongated Indication 

The test ..port shall not be ..produced except In full, without the wrinen .pproval of the laboratory; and the recon:llng of false, "ctltlous. 

or fraudulent mtements or entrln on the certlflcale may be punished as a felony under federallBW. Results ant rBlilted only 10 Items lested. 
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---------------- ----- -------- -

USI WO# 159g a7 Report Pageg20f Ol 
Date: Cf-~ ';/-,...~ ~ :""'::;"-=-J--­
Customer: _~A~1L"·~~·'-'l::.Il'·-~~+:Jt1~'4J"""'''''.J.''''J1-~''';.L....fI..d-l- _-J~~ACUREN -~ ~ Ic./' .In,,,u1'l11J! p,v 

Ii)/\ ,,- 0 .. 1 
1304 Sadlier Circle West Drive PO#: y " ~ I :f:l'S' 
Indianapolis, IN 46239 Location: c;_ -.D a...s. n ......... ~ .. 
Phone: 317-890-9729 Description,.:..:---"7"-"':=:<5/0<',--:APJ"~';1Z-H':....A:a-a::o 1.1;.:''C.~~~ _ 
Fax: 317-890-890-8577 100% Insp t/ - Spot Insp. _--::Y''-- _ 

... p,:), 
v .9, 

~ if P. 
1-­ -+-"'IIIIIItalr,.J~l!+:r+-L+v+_-+_-+_------___4Maleriat: 
~ +..a~~;L.j~~'!t/.~_-+-::::--1- ~Pipe Size: 

~ - V ~. Process: 
r-----+~~~;...~;;j"-+-'.,/~r--+....c....:.-+---------lFCAW: 

r ­ .........::r~7;,;.._~;;I...f...;v:..rJ+_-+_-+_------__lSource 

02 = D ~I 0 ~:~'6rce 

(Oosou~02 0 D 
(0 p 0 Q (OOSOU~90 

Source 

Source

~~01 
I ­
I 

Pene 

Source Positioned 
in Center of Pipe 

.J 
::J'LS 

Wall Thk. 3/1t.... 
SMAW X GTAW X GMJ.WX 

SAW X Other 

Isotope 7t:.l!J.j. Curies 9' 9 
f--......-;;:;;::o--t..-A~~~~._~~...:...v'7'i-_--t....-t ---lPhysical Size: "JI4Ci KVPIMA -I-.L---­

f--'" 7_-+...J,t~'~·_;;.L.jIllJ)'-+-....::lV~+--_+-L!. __lExposure Time: Ihfiit /!aD"'. I.e; ••L;;;.-...s.... ~••_I- ~;., SFD: 
f-- t-"':~'l!7.-""!!.·~-+...V'lI'.rt_-+_-_+_-------___iFilm/Object Inches: 9' COn-kQ. ~L ' 
1- +"l!=+-'1-~lIf_+__"J"-T+---h~ ~. 0«2.0.....-------___iGeometric Unsharpness: 

-t. ~ v r.Ml PeneType I Size: AS'7'~ ~~ 
~ ~- I"'J ./ ~, Material: 3/~ Placement 

~::::~L~;:::-='B::::::::~::::~n~~_:~2~~~V~~~::::::::::::~::::~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~Shims: Material: sA Thlckn~ssO 
1.:2-. v Marker/# Be~ PJ:,.. :s

1------+~2~.J....~"f",:.....+...3vL,.-I---+--+---------i Film: Brand: ~(}Flf.-=Tc-...... .c~:-::;-f)-=-:</~-e......: """"":'-=n"2'lI"'-'oyp
~ -,,~ J \J.'t'J Size: ,/SJ7:J1o-oad: SrAt.Ac> 

v Emulsion(s) number:: 1'_4#.'iSl.._f?'tw'"N 
f---'L!!!!!O....-_?L.4.lIl1?'.:JLf-~~=-:!!~+-J!I/~+---h-.,.-+-------___i Screens: Front: ,()IO Back: .C.I/O

_": \/ ~. ~ Backing: _ 
i--'L__ S·Q..I.Il',.J1I4_"'~).c::...Jl...--+-.:JVL.-+-_+"'l..-:..' --1-----------1Viewing Single: ~ Double··.....,L. ­
1-,--~--..-rlf-~._-+_:_7--+--+_n___1_------___lDensity (Pen.) ,;2. §l- 3.t;
I-=L.:...-_'~~Jl.~'.L....l'f---ll/\..L--~I _ V-+_-+..L..1 _ ___lDensity (weld) min.max ..;,:r 01-_1:1. L_+~ ~'___i------

/l I './"1
P-Porosity SI-Slag Inclusion TI-Tungsten Inclusion
 
C-Crack BT-Bum Through CV-Root Concavity
 
IF-Incomplete Fusion MT-Melt Through eX-Root Convexity
 
IP.lncomplete Penetration Ue-Undercut OX-OlCidation
 
S-Surface FA-Film Artifact SK-Shrinkage
 
EI-Elongated Indication Interpr~
 tJ 
The rut ntpOI15hllli not be reproduced eXl:epf In full, without the written .pproval of the I.boratory: .nd the reconllnf/ of f./s., flctltlou., 

or fnudulent sr.tements 0' entries on the crutiooat& may be punIshed as a felony unde f&denJ11_. Re5ults are related only to Items tested. 
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VISUAL TECHNIQUE RECORD I 
~ INSPECTION REPORT 
ACUREN~ 

Acuren Inspection 
1304 Sadlier Circle West Drive 
Indianapolis, IN 46239 
(317) 890·9729 Fax:(317)890-8577 

Work Order No.: Client: 
Midwest Metal 

Address/Job Location: 
Whitestown, IN 

Drawing No.: 
N/A 

Part No.: 
See Below 

Type of Work: 
Routine D NewD 

159887 
Job No.: 

Y08125 

Repair 0 Rework 0 

Form VT.011ndIV 

Date: 

4/28/09 
Specification: 

Client Info 
Procedure: 

01-308 Rev-3 
Acceptance: 

Client Info. (No Cracks) 
Technique No.: 

N/A 

WELD 
IDENTIFICATION 

WELD 
JOINT 

WELD 
SIZE 

SHOP/ 
FIELD 
WELD 

ACCEPT REJECT REMARKS 

Chime Weld T·Joint 1/4 shop X Preformed a Vac-box inspection test on the chime weld 
on tank # Y08125. I used 40 psi and 151bs ofvaeuum. 

Leak Detector Spray Batch # 061407 

Defect Code: C-
p. 

Crack 
Porosity 

NF· 
LI -

Non-fusion 
Linear Indication 

8 - 81ag 
LA- Lamination 

UC ­ Undercut 
Other (Specify): 

Weld Joint: B - Butt 
SOL- Soc-o-Iet 

F- Fillet S- Socket WOL­ Weld-o-Iet 

Inspector: Date: Client: 

Inspector: Tim Brummett Date:__4/28/09 Level II: 

The test report shall not be reproduced except in fUll, without the written approval of the laboratory; and the recording offals., fictitious, or 
fraudulent statements or entries on the certificate may be punIshed as a felony under federal law. Results are related only to items tested. 
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MIDWEST IMPERIAL
 
STEEL FABRICATORS, LLC 

6145 S. INDIANAPOLIS ROAD 
WHITESTOWN, INDIANA 46075 

317-769-6489 fax317-769-5461 

May 11,2009
 

Fermi National Laboratory
 
Batavia, Illinois
 

SUBJECT: Liquid Argon Tank PO 583306
 

This letter is certification that the subject tank was successfully hydrostatic tested.
 

The vessel was tested in the full condition at 4.5 psi for a period of2 hours and no leaks were
 
detected.
 

The test was conducted in the Midwest Imperial shop at 6145 S. Indianapolis Road, Whitestown,
 
Indiana.
 

Sincerely,
 

?'7//1f t; 
Curt Hillenberg 
Quality Control Manager 

cc: Job file Y07-116 

--- ~- -~---~-~~--------~-------~-~-~---~-----~--~~~ 
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VIII.	
  D.	
  	
  Empty	
  Pneumatic	
  Test	
  –	
  Internal	
  Pressure	
  
A	
  pneumatic	
  internal	
  pressure	
  test	
  at	
  3.75	
  psig	
  (1.25	
  x	
  MAWP)	
  was	
  successfully	
  completed	
  on	
  
7.22.11	
  and	
  the	
  test	
  details	
   follow	
  this	
  section	
  title	
  page.	
   	
   In	
  addition,	
  after	
   the	
  pressure	
  test	
  
was	
   complete	
   the	
   relief	
   valve	
  pressure	
   sensing	
   line	
  was	
   returned	
   to	
   its	
   normal	
   configuration	
  
and	
  the	
  tank	
  was	
  pressurized	
  to	
  3	
  psig	
  to	
  verify	
  that	
  the	
  relief	
  valve	
  is	
   installed	
  and	
  operating	
  
properly	
  (details	
  attached).	
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LAPD tank pressure test notes: 

The LAPD tank pilot pressure relief valve (PSV-377-Ar) has a diaphragm which 
lifts the main valve seal.  Under non-relieving conditions tank pressure is on both 
sides of the diaphragm.  The tank side of the diaphragm has a smaller surface 
area than the relief side.  Thus tank pressure on the relief side of the diaphragm 
holds the valve shut because the force is larger due to the larger surface area.  
When the tank pressure reaches the set point the relief pilot dumps the pressure 
on the relief side of the diaphragm and the tank pressure then lifts the seal and 
the valve relieves excess pressure in the tank.   

For this pressure test PSV-377-Ar has a back pressure regulator (PRV-3) placed 
in its pressure sensing line (see Figure 1).  PRV-3 is set to relieve at 3.8 psig 
such that if the tank pressure reaches 3.8 psig PRV-3 will open and send the 
pressure signal to the pilot valve on PSV-377-Ar which will open.  This effectively 
raises the set point of PSV-377-Ar from 3 psig to 3.8 psig without tampering with 
internal the factory settings.  PRV-4 sends the tank pressure signal to the pilot 
relief until about 2.8 psig to keep the valve closed by supplying the pressure to 
the relief side of the diaphragm required to keep the valve closed.  Due to the 
unequal areas 2.8 psig on the relief side of the diaphragm is enough to keep the 
valve closed until the tank reaches 3.8 psig and PRV-3 sends the pressure signal 
to the pilot.  CV-4 prevents communication between PRV-3 and PRV-4.  MV-5 
charges the relief side of the diaphragm until the cracking pressure of CV-4 is 
reached.  This arrangement has been bench tested and documented by Bob 
Barger. 

PCV-351-Ar is controlled by the PLC and will open at 3.9 psig if PSV-377-Ar fails 
to open.  PCV-351-Ar can also be remotely opened at any time during the 
pressure test.   

LAPD tank pressure test procedures 

If at any time the tank appears unstable remotely vent the pressure by actuating 
PCV-375-Ar thru the computer.   

Do not climb up on the tank platform at tank pressures greater than 1 psig.  

If any rail car dial indicator indicates total movement exceeding 0.25 inches 
during the test remotely vent the tank thru PCV-351-Ar and stop the test.    

 

1. Post “NO ENTRY PRESSURE TEST IN PROGRESS” signage at both 
PC4 entrance doors.   

2. Only required test personnel may attend the pressure test.  No other 
work may be carried out in the building during the test.   
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3. Make sure the valves required to be closed for the pressure test are 
closed per the highlighted flow schematic shown in Figure 1.   

4. Position and zero the dial indicators as shown in Figure 2. 
5. Make sure MV-350-Ar is open.   
6. Actuate PCV-351-Ar from the iFix controls computer.  Physically inspect 

the valve to make sure it actually moves from the closed to open position 
as expected. 

7. Verify that PT-369-Ar and PT-370-Ar are indicating and archiving 
properly. 

8. Close MV-330-Ar.    
9. Connect the output of the “Remote Source Feed & Vent Controls” to MV-

330-Ar.   
10. Open MV-5 which is the bypass around CV-4 for the start of the pressure 

test.   
11. Isolate the tank from its sintered metal atmospheric breather assembly. 
12. Pressurize the system up to MV-350-Ar to ensure that the pressure 

supply is functioning properly.   
13. Record the starting pressures indicated by PI-1 and PI-2 and the dial 

indicator values. 
14. Open MV-350-Ar and pressurize the tank to 0.50 psig as indicated by PI-

1 and then close MV-1.   
15. Verify that PT-369-Ar and PT-370-Ar are in reasonable agreement with 

PI-1 and PI-2.   
16. Take readings from the 4 dial indicators.   
17. Hold this pressure for 10 minutes.  If there is no observable pressure 

drop continue to next step. 
18. Open MV-1 and pressurize the tank to 1.00 psig as indicated by PI-1 and 

then close MV-1.   
19. Take readings from the 4 dial indicators.   
20. Hold this pressure for 10 minutes.  If there is no observable pressure 

drop close MV-5 and continue to next step. 
21. After this step do not climb up on the tank platform without lowering the 

pressure to 1 psig or lower by using PCV-351-Ar or other remove means.   
22. Open MV-1 and pressurize the tank to 1.50 psig as indicated by PI-1 and 

then close MV-1.   
23. Take readings from the 4 dial indicators.   
24. Hold this pressure for 10 minutes. If there is no observable pressure drop 

continue to next step. 
25. Open MV-1 and pressurize the tank to 2.00 psig as indicated by PI-1 and 

then close MV-1.   
26. Take readings from the 4 dial indicators.   
27. Hold this pressure for 10 minutes. If there is no observable pressure drop 

continue to next step. 
28. Change the breathable air supply bottle to ensure enough gas is 

available to complete the test.   
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29. Open MV-1 and pressurize the tank to 2.50 psig as indicated by PI-1 and 
then close MV-1.   

30. Take readings from the 4 dial indicators.   
31. Hold this pressure for 10 minutes. If there is no observable pressure drop 

continue to next step. 
32. Open MV-1 and pressurize the tank to 3.00 psig as indicated by PI-1 and 

then close MV-1.   
33. Take readings from the 4 dial indicators.   
34. Hold this pressure for 10 minutes. If there is no observable pressure drop 

continue to next step. 
35. Open MV-1 and pressurize the tank to 3.375 psig as indicated by PI-1 

and then close MV-1.   
36. Take readings from the 4 dial indicators.   
37. Hold this pressure for 10 minutes. If there is no observable pressure drop 

continue to next step. 
38. Open MV-1 and pressurize the tank to 3.75 psig as indicated by PI-1 and 

then close MV-1.   
39. Take readings from the 4 dial indicators.   
40. Hold this pressure for 1 hour. 
41. Take readings from the 4 dial indicators.   
42. Vent tank thru PCV-351-Ar and reduce tank pressure to ambient.   
43. Take readings from the 4 dial indicators.   
44. Open the valve that isolates the sintered metal atmospheric breather.  

Lock the valve open.   

After the pressure test PSV-377-Ar must be restored to its normal configuration 
by directly connecting the pressure sensing line.  The valve should then be 
tested in this configuration by pressurizing the tank until the valve begins to 
relieve at 3 psig.   
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Pressure test dial indicator locations and ID 

1 

2 3 

4 

Figure 2:  LAPD tank pressure test rail car dial indicator positions.   

Test response indicates #4 
was not installed properly. 
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Tank pressure, psid, reported by 
PT-369-Ar and PT-370-Ar            Air supplied at about 2.5 SCFM actuates the relief 

valve 4 times during this period.  Relief valve opens 
at about 3.15 psid and resets at about 2.55 psid.       

Test of the LAPD tank primary relief valve PSV-377-Ar installed on the tank in the normal operating configuration.              
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VIII.	
  E.	
  	
  Empty	
  Pneumatic	
  Test	
  –	
  External	
  Pressure	
  
A	
  pneumatic	
  external	
  pressure	
  test	
  at	
  ~0.2	
  psid	
  was	
  successfully	
  completed	
  on	
  8.8.11	
  and	
  the	
  
test	
  details	
  follow	
  this	
  section	
  title	
  page.	
  	
  A	
  vacuum	
  pump	
  reduced	
  the	
  pressure	
  inside	
  the	
  tank	
  
until	
  the	
  pilot	
  relief	
  valve	
  opened	
  to	
  allow	
  ambient	
  air	
  into	
  the	
  tank.	
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T. Tope – 8.8.11 
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The above plot shows the external pressure test of the LAPD tank as recorded by PT-369-Ar.  The vacuum 
relief was actuated 3 times.  During the 1st actuation a vacuum pump pumped on the tank for several minutes.  
During this period the relief valve held the tank at about 4.4 inches of water external pressure.     
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LAPD tank vacuum test notes: 

The LAPD tank pilot pressure relief valve (PSV-377-Ar) has an internal pressure 
set point of 3 psig and an external pressure set point of 0.18 psig.  This test will 
reduce the pressure inside the LAPD tank until the vacuum relief opens and 
demonstrates its effectiveness for vacuum relief.   

At no time during the test should the external pressure indicated by PI-3 
exceed 6 inches of water.  Nor should it exceed a 0.21 psi drop from the 
starting pressure indicated by PI-1 and PI-487-Ar.  The vacuum source 
should be isolated if the external pressure exceeds these values.   

LAPD tank pressure test procedures 

1. Remove one of the spare 6 inch blank off conflat flanges on the large 
center tank flange.  Measure the distance from the sealing surface of the 
conflat to the tank floor using a clean tape measure.  Mark the perimeter 
location of the measurement on the conflat flange.   

2. Insert a new copper seal and close the conflat flange.   
3. Make sure the valves required to be closed for the pressure test are 

closed per the highlighted flow schematic shown in Figure 1.   
4. Connect  dry vacuum pump with a pirani gauge (PE-6), an isolation valve 

suitable for throttling (MV-5), and a vent valve (MV-7) to MV-330-Ar as 
shown in Figure 1.   

5. Make sure MV-330-Ar is closed.   
6. Connect the “remote test panel” to a spare VCR-4 fitting on the tank 

center flange using ¼” black poly for the tubing run from the floor to the 
top of the tank.  Turn 3-way valve MV-3 towards PI-3 which is a 0-10 
inches of water range pressure gauge.   

7. Evacuate the piping up to MV-330-Ar to confirm that the vacuum pump is 
working properly.  A pressure of 100 microns as indicated by PE-6 
should be easily attainable.     

8. Close MV-5. 
9. Open MV-7 and bleed up the vacuum pumping line. 
10. Close MV-7. 
11. Close MV-483-Ar which isolates the sintered metal tank breather.   
12. Open MV-330-Ar. 
13. Note the “zero” readings for PI-3, PI-1, and PI-487-Ar.  Add 0.21 psi to 

the absolute pressure readings of PI-1 and PI-487-Ar.  This value should 
not be exceeded during the test.     

14. Very slowly open MV-5 and pump the tank to an external pressure of 
1.67 inches of water as indicated by PI-3.  Observe PI-1 simultaneously 
to ensure PI-3 is indicating properly.     

15. Close MV-5 and wait 10 minutes to observe any pressure rise.  Log the 
PI-1, PI-3, PI-487-Ar values.     
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16. Very slowly open MV-5 and pump the tank to an external pressure of 
3.33 inches of water as indicated by PI-3. Log the PI-1, PI-3, PI-487-Ar 
values.       

17. Close MV-5 and wait 10 minutes to observe any pressure rise.   
18. Very slowly open MV-5 and pump the tank to an external pressure of 

about 5 inches of water as indicated by PI-3.  Slowly increase the 
external pressure beyond 5 inches of water until PSV-377-Ar opens.   

19. Once it is verified that the vacuum relief is functional, fully open MV-5 to 
show that the relief valve can handle the full capacity of the vacuum 
pump.   

20. Log the details of the relieving pressure.   
21. Close MV-5.  Open MV-7 and bleed up the tank.   
22. The external pressure test is now complete.   
23. Using the methods outlined in the previous steps actuate the relief valve 

for external pressure and note the reset characteristics.  Do this 3 times.   
24. Open the valve that isolates the sintered metal atmospheric breather.  

Lock the valve open.   
25. Remove the spare 6 inch blank off conflat flange previously measured at.  

Measure the distance from the sealing surface of the conflat to the tank 
floor using a clean tape. Measure at the previously marked perimeter 
location.    

26. Insert a new seal and close the conflat flange.   
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IX.	
  Tank	
  Filling	
  Procedure	
  

The	
  current	
  version	
  of	
  the	
  tank	
  filling	
  procedure	
  can	
  be	
  found	
  here:	
  
	
  
http://lartpc-­‐docdb.fnal.gov:8080/cgi-­‐bin/ShowDocument?docid=553	
  
	
  
	
  	
  

version 9.2.11 - page 239


	Cover Page
	Table of Contents
	I. Description
	II. FESHM 5031.5 Compliance
	III. TA5031.5 Form
	IV. Design Calculations
	A. Vendor Initial Calculations
	B. Vender Revised Calculations
	Vendor email explaining revised calculations

	C. Tank Support Calculations
	D. Tank Anchor Bolt Calculations
	E. FEA Model of Empty Tank Internal Pressure Test
	F. FEA Model of Relief Valve Load on Tank Nozzle
	G. FEA Model of Empty Tank External Pressure Test

	V. Relief Valve Sizing
	A. Sizing summary
	EES program for maximum fill rate

	B. Internal pressure relief system pressure drop
	EES program for internal pressure dP

	C. External pressure relief system pressure drop
	EES program for external pressure dP

	D. Tyco Relief Valve Data Sheet

	VI. Tank Drawings
	A. Vendor fabriation drawing sheet 1
	A. Vendor fabrication drawing sheet 2
	B. Fermilab tank insulation and support scheme drawing

	VII. Fabrication
	A. Material Certifications
	B. Welding qualifications
	C. Nameplate photograph
	D. API Compliance Certificate

	VIII Testing
	A. General inspection by Fermilab during fabrication
	B. Radiography
	C. Hydrotest
	D. Pneumatic Testing - Internal Pressure
	Signed presure test permit
	Pressure test log
	Pressure test transmitter log
	Pressure test notes and procedure
	Pressure test schematic
	Pressure test rail car dial indicator locations
	Relief valve as installed test

	E. Pneumatic Testing - External Pressure
	Vacuum test permit signed
	Test pressure transmitter plot
	Test paper log
	Notes and procedure
	Test flow schematic


	IX Tank Filling Procedure



